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Absu·act 
West Wallabi Island in the Houtman Abrolhos, Western Australia, provide.s significant 
breeding habitat for the largest colony of Wedge-tailed Shcarwatcrs, Puffin us pacijicus, in 
the Eastern Indian Ocean. The Department of Conservation and Land Management (CALM) 
surveyed the Island in 1992 and estimated the population to be in excess of 
1 117 000 pairs of breeding birds. 
Recent proposals to open the Abrolhos area to a larger number of visitors has identified the 
need for more detailed investigations into the relationship of birds and habitat. An 
understanding of this relationship provides a means of determining the ways in which 
populations will respond to human exploitation and environmental change. The design and 
implementation of appro;Jriate management strategies must utilise this infonnation if 
sustainable development is to be achieved. 
This study involved a detailed survey of a habitat area on West Wallabi Island as means of 
identifying the locational factors, such as topography, climate, soil and vegetation 
structures that influence the distribution of nest Sites, and to complete a population census 
as a means of monitoring population trends over time. Field research was carried out over a 
10 week period from 18'" March 1998 to 23"' May 1998 when census and observational 
data v•ere collected. 
The results of this survey indicate that for the 1997/98 breeding season the population of 
Wedge-tailed Shearwaters breeding on West Wallabi Island is approximately 370 000 pairs 
of birds, approximately one third of the previously published data. 
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Chapter 1 
Introduction and Objectives 
Chapter I. Introduction and Objectives. 
1.1 Conceptual Framework 
The primary objective of ecological and biogeographic (dtstributional) studies is to 
attempt to understand the interactions between organisms and their environment, and 
the ways in which these relationships affect population dynamics over space and time 
(eg. Cox & Moore, 1985; Began, Harper & Townsend, 1989). Such studies adopt the 
ecosystem approach as their conceptual framework. This concept revolves around two 
fundamental ideas: energy flow and nutrient recycling- which determine how species 
interactions are organised within a community. From these interactions a complex food 
web usually evolves in which each species is related to other species either as p1'edator 
or prey (Cox & Moore, 1985) (Figure 1.0). 
Animals 
Figure 1.0- Complex food web in which each species is related to other species as either predator or 
prey {Briggs, Smithson, Addison & Atkinson, \995) 
Thc ccosystcm cunccpt will bc uscd in this study to consider both biotic (it:. 
socialisation, and predation) and physit:al litt:tors (ie. climalc, topography und soils) 
that atl'cct the distribution and abundance of breeding seabirds on West Wallabi Island 
in the Houtman Abrolhos Group, Western Australia. 
1.2 The Houtm:m Abrolhos Islands 
1.2.1 Location and description 
The Houtman Abrolhos Islands lie between 65 km and 90 km off the coast of 
Gerald ton in Western Australia (Figure 1.1 ). Situated between Latitude 28° 15' 
Sand 29° S, and Longitude \13° 35' and 114° 03' E, the 122 islands of this 
low lying archipelago form a chain along the edge of the Continental Shelf. The 
Islands form four distinct geographical units separated by three deep water 
channels (with depths up to 40 m): - Pelseart (or Southern) Group, Easter 
Group, Wallabi Group and North Island. 
The continental Islands of the Abrolhos Archipelago are fanned on Tertiary 
and Cretaceous coral reef limestone overlain in places by younger formations 
of coral shingle and shell limestone (Fuller, Burbidge & Owens, 1994). Each 
island group within the Abrolhos differs significantly in its overall 
geomorphological structure from atoll like in the south to less regular forms in 
the north (Collins, Wyrwoll & France, 1991) (Figure 1.2) 
Although forming a separate geographical unit, North Island rises from the 
same submarine platform as the Wallabi Group and is surrounded by a tidal flat 
on all sides which is bordered by a fringing reef to the west. The Wallabi Group 
2 
is dominated by East and West Wallabi Islands, the largest and highest in the 
Abrolhos rising to elevations of up to approximately 15 m ASL. The Wallabi 
Group is surrounded by arcs of fringing reef to the west with additional reefs 
and platforms lying to the south and south-east (Teichert, 1947; Storr, 1965). 
Figure 1.1 Houtman Abrolhos Islands, Western Australia (Encarta World Atlas). 
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Figure 1.2 - The Diverse Geomorphological Formations Exhibited by Islands in the Abrolhos 
Archipelago (Collins eta!, 1991 ). 
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The Easter Group consists or smaller and lmwr islands rising to between 3 m 
and 5 111 ASI.. This group fealllres a discontinuous ouh.:r rim or reef.<; und 
platforms, crowned with islands. Inside this ring arc irregular tabult~r platforms 
and a centrally lo1:atcd larger island - Rat Island. The southern Pelscart Group 
is dominated by n large barrier reef to the west or Pclscart Island which, 
together with the long rirn of Pclscart Island itself forms a continuous barrier 
around two thirds of the circumference of the Group, resulting in a lagoon or 
irregularly scattered inner reefs and platforms (Teichert, 1947). 
The Abrolhos Islands are located in a region of biogeographical overlap know as 
the Western Overlap Zone (Wells, 1997), which occurs off the West Australian 
coast between Cape Leeuwin in the South and North West Cape (Figure. 1.3). 
In this region the warm tropical waters of the north combine with the cool 
southern Australian waters resulting in a combination of both tropical and 
temperate species of marine anL terrestrial life forms (Wells, 1997). The 
seasonal Leeuwin Current buthes these islands in wann water resulting m a 
higher proportion of tropical species (Wells, 1997). 
1.2.2 Currents and Climate 
The Leeuwin Current flows strongest in autumn and winter bringing warm, low 
salinity water from north of the North West Cape southwards around Cape 
Leeuwin, and then east across the Great Australian Bight (Cresswell, 1991) 
(Figure 1.4). The Leeuwin Current is unique in that it differs significantly from 
other Southern Hemisphere east coast currents such as the Benguela Current 
off southern Africa, and the Hum bolt Current otf Peru in South America, which 
flow in a northerly. (or equatmward) direction (Pearce, 1991 ). The existence of 
5 
the most southerly coral formations in the Indian Ocean at 29° S, the southern 
extent of the Abrolhos Islands, is attributed to the effects of this warm water 
current (Wells, 1997; Collins, Wyrwoll & France, 1991; Teichert 1947) . 
. ,
~~ 
'\_ \ 
... \.. 
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~~---'--~----~'----------L---------~--~ 
Figure 1.3- The Western Overlap Zone and the Leeuwin Current 
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Plate 1.0 - Satellite image of the Leeuwin Current for August l 5'h 199 1. The Abrolhos Islands (off 
Geraldton) are bathed in waters ranging from l9ooC to 20ooC (Courtesy CSIRO). 
The warmer sea water temperatures at the Abrolhos (compared with the waters 
off the adjacent mainland) results in more moderate air temperatures on the 
islands (average range between 23.6ooC and 17.8ooC.) The effects of the 
Leeuwin Current therefore plays a major role in detetmining the diversity and 
biota on the Abrolhos Islands influencing both the marine and terrestrial 
environments (Pearce, 1997). 
The Abrolhos is renowned for its fierce winds, in excess of 30 kmlh, which 
blow predominantly from the southeast or southwest, and strong seas with 
prevailing currents and wave action from the southwest (Fisheries WA, 1997). 
7 
Winter storms arc the most ~,;omrnon disturbam:c at the Abrolhos, ulthough 
occasionul cyclones do occur in the nre!l between Jnmwry and April (Fisllt!ries 
\Vi\, 1997). Calmer periods occur between April and August when most ufthc 
annunl rain!ldl occurs; average rainfltll in the Abrolhos area is approximately 
469 mm per year from 89 rain days (Wells, 1997).1 
1.2.3 Seabirds :md Other Fauna 
A detailed scientific knowledge of the Abrolhos' marine environment has been 
documented in studies by Dakin (1919), Hatcher (1991), Veron & Marsh 
(1988), Wells (1997), Wilson & Marsh (1979), and numerous others. On the 
other hand, the terrestrial environment has been the subject of fewer, and less 
detailed studies. With the exception of a detailed account of the vegetation, and 
flora and fauna of the Abrolhos' northern islands undertaken by Storr ( 1965) 
and the geological investigations of Fairbridge (1946) and Teichert (1947), the 
bulk of these terrestrial investigations have been based on only brief visits and 
generalised description (Saville-Kent, 1897; Helms, 1902; Dakin, 1919). 
Although recognised as one of the world's most important areas for seabird 
breeding (Wells, 1997), previous studies of the Abrolhos Islands' avifauna have 
been based on an inventory approach rather than examining the ecolugical bird-
habitat interrelationships. With the exception of an extensive annual census of 
seabirds undertak<!n on Pelseart Island by the Department of Conservation and 
Land Management (CALM), other occasional studies have been less systematic 
in their approach to, identifying the different species and their general 
distribution throughout the Abrolhos archipelago (cg. Serventy, Serventy & 
I Annual rainfall data for the Abrolhos Island 11reu arc usually quoted from readings taken on the 
adjacent mainland at Geraldton. 
8 
Warham. 1971; Wdls, ]981; Johnstone & Storr, I <;94; Fuller, Burbidge & 
Owens. 1994 ). 
Seabirds breeding on the Abrolhos Islands are, like the marine fishes and corals, 
a combination of tropical and temperate species. Two bird species, the Lesser 
Noddy, Anous JenuirwlriJ mdanopJ, and the Abrolhos Painted Buuon Quail, 
Tumix varia scintillam, arc listed as Fauna which is rare or likely to become 
extinct (Wildlife Conservation (Specially Protected Fauna) Notice 1996) A 
terrestrial species the Brush Bronzewing (?haps elegans), is not yet threatened 
although it is thought to be declining in numbers and has been listed as a 
priority 4 species2 by CALM (Fisheries WA, 1997). These islands also play 
an important ecological role for significant species of fauna other than birds. 
The area is generally accepted as the northern limit for the Australian Sea Lion, 
Neophoca cinerea, and the endemic Tam mar Wallaby, Macropus eugenii, (one 
of only two species of mammals found at the Islands and ) that inhabit the 
northern islands have been Declared Rare Fauna (Specially Protected Fauna) 
Notice 1996). The Abrolhos Dwarf Bearded Dragon, Pogona minor minima, 
and the Houtman Abrolhos Spinywtailed Skink, Egernia slokesii stokesii, have 
been identified as priority 4 species by CALM, while the Carpet Python 
(More!ia spilola imbricara) has been recognised as being in need of special 
attention (Fisheries WA, 1997). 
2 Species listed by CALM as Priority 4 arc those defined as taxa which nrc considered tn have been 
adequately surveyed (or for which sufficient knowledge is available) and arc recognised us populations 
that nrc considered to be rare but not currently threatened by any identifiable factor. These taxa require 
monitoring every 5 to 10 years (Personal communication John Riley, CALM Wildlife Section, 1998). 
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1.2.4 History 
Tile Abrolhos Islands n.:rn.:scnt unique historical, archaeological, cultural and 
heritage valw.:s for Western AL;_: .lia. Due to the existence of a number of 
shipwrecks (some innunous in Western Australia's history) and their 
associated historical sites on the islands, many arc<Js around the Abrolhos arc 
protected under the Maritime Archaeology Act (1973) and the Historic 
Shipwrecks Acl (1976) (Fisheries WA, 1997). The most notable of these sites is 
that of the Batavia (Figure 1.4) wrecked on Morning Reef in 1629 in the 
Wallabi Group (Edwards, 1966). The survivors established a camp at Beacon 
Island, and later at E<1st and West Wallabi Islands, where the remains of their 
'forts' are still readily accessible and represent significant tourist attractions 
(Fisheries WA, 1997). 
In 1883 large scale guano mining commenced on 20 islands in the Abrolhos. The 
mined phosphates were valuable sources of fertiliser until the 1920s, when 
chemical fertilisers (superphosphate) replaced guano and mining at the 
Abrolhos ceased. Due to phosphate shortage during World War II, mining was 
recommenced when the British Phosphate Commission was granted a number 
of leases on Pelsaert Island from 1944 to 1946. 
10 
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Figure 1.4- Location of Shipwrecks and associated Historical Sites on Islands in the Wallabi Group 
(after Edwards, 1966). 
Many of the constructions, such as jetties, tramways and buildings left by the 
indentured Malaysian miners are now recognised as places of historical 
significance. Sites on West Wallabi Is.\and, Rat IsJ,and, and Pelseart Island have 
. "' been recommended for protection under heritage legislation (Storr, 1965; 
Fisheries W A, 1997). Even decades after mining ceased the vegetation cover 
and soil stability is still not fully restored, which limits the suitability of these 
areas for the burrows of Wedge-tailed Shearwaters. 
1.2.5 Economic Significance 
The Abrolhos Islands and their surrounding waters play a significant role in a 
number of Western Australia's fisheries, in particular the Western Rock 
Lobster, Panulirus cygnus, fishery which is the largest single species fishery in 
the State (Wells, 1997; Fisheries WA, 1997). The Abrolhos provides a major 
breeding ground for this species being responsible for 50% - 80% of spawning 
output. Overall, this region provides a signiticant source of Lobster product 
worth an average of $300 million annually (Caputi, Fletcher, Pearce & Chubb, 
1996). 
II 
The tl.!rrcstrial cnviromm:nt providl.!s the land based n.:soun;c.:s rcquin:d to 
support the local lobster lishenm:n (colloquially know as cray-lishenm:n) lilr 
fourteen wel.!ks each year from March 15th to June 30th. Licensed cray-
lishermen have exclusive rights to occupy thcsl.! islands and have established 
substantial int'rastructurc on 22 islands including, recreational facilities, schools, 
accommodation, storage, generator nnd freezer structures, as well as jetties and 
other landings (Pintcs I. I). 
The second largest fishery operating in the Abrolhos area is that of the 
Southern Saucer Scallop, Amusium balloti. Sixteen trawlers are licensed for the 
Abrolhos area, with other boats operating out of Shark Bay further to the 
North. The annual catch from the Abrolhos varies considerably each year (from 
10 tonnes to 220 tonnes) although in 1994 the industry was worth 
approximately $3 million (Fisheries WA, 1997). 
Other commercial fishing in the region includes some fin fishing which has been 
scaled down considerably since the emergence of the Rock Lobster Fishery in 
the 1950's. Pink Snapper, Pagnts aura/lis, Baldchin Groper, Choerodon 
rubescens, Coral Trout, P!ectropamus leopardus, and Westralian Dhufish, 
Glaucosoma hebraicum, are the main fin fish now being caught in the waters of 
the Abrolhos. Conservation measures to protect fin fish, particularly Coral 
Trout and Westralian Dhufish, which are under threat of over exploitation, 
have been targeted in the recently released Draft Management Plan for the 
Abrolhos System. Such measures include closing some areas to commercial and 
recreational fishermen and creating fish habitat protection areas, and delineating 
proposed Marine Parks (Fisheries W A, 1997). 
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Tourism is the only other industry to operate in the Abrolhos area but it is 
currently very restricted. Activities are confined to boating, fishing, and dive 
cha1ters (as well as aerial tours) there are no facilities for tourists on the islands 
themselves. Visitors must be invited guests of a cray-fisherman in order to be 
permitted to stay on the islands. 
Plate 1.1 - The camps of fishermen on Little Pigeon Island. While many of the camps on this island 
are now equipped with indoor, flushing toilets raw sewage is still dumped directly into the ocean. The 
problems of sewage and waste disposal at the Abrolhos are two major concerns that need to be 
addressed, it has been suggested (Greens WA, 1998) that composting toi lets should be installed to 
reduce this problem. 
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1.2.6 The lslnnds' Current Stnlus 
Recent indications suggest that development proposals for incn:ascd tourism 
and public access to the Abrolhos Islands, as well as the rclca'ie of a Draft 
Management Plan for the area have raised concerns with local politicians 
(Greens \VA, 1998) and user groups including local fishermen and charter boat 
operators. Concerns arc being expressed about the future maintenance of the 
delicate balance that exists between development and conservation in such a 
fiagile marine environment. Vested in the Minister for Fisheries, under the 
Land Act 1933 (WA), as an 'A' Class Reserve (for the conservation of flora and 
fauna, tourism and purposes associated with the fishing industry), the 
managing body Fisheries \VA is currently committed to pursuing the objective 
of developing "sustainable nature-based tourism which is consistent with the 
values of the Abrolhos System and provides appropriate access to the area for 
the community" (Fisheries W A, 1997). 
1.3 The Importance of Island Studies 
Islands represent isolated, insular environments which exhibit unique habitats and as 
such provide a means for understanding the effects of landscape fragmentation on flora 
and fauna. Island studies have also provided the basis for modem conservation 
practices on the mainland where particular isolated landscapes, such as lakes, mountain 
peaks, forest canopies and desert oases, can be considered as 'islands' surrounded by 
barriers as equally impassable as the ocean (Began, Harper & Townsend, 1989). This 
approach has particular relevance to the development of National Parks and nature 
reserves, that act to preserve tracts of land as a means of conserving flora, fauna and 
habitats. 
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The Theory of Jslnnd Biogeography is concerned with the area-species diversity 
relationship and recognises that smaller islands support a Jess diverse range of species 
than larger islands, nnd that extinction occurs more frequently on smaller islands than 
on larger islands (McArthur & Wilson, 1967). This Theory, originally proposed by 
McArthur and Wilson in !967 relies on the notion of equilibrium and assumes that 
islands in an archipelago are homogenous habitats. 
Seabird populations are dynamic, and according to McArthur and Wilson's Equilibrium 
Model, four key agents act to regulate population numbers, recruitment (birth), 
immigration, mortality and emigration. This relationship can be expressed as: 
Population Change= (Recruitment+ Immigration)- (Monality +Emigration) 
The above relationship shows that in a stable population mortality and emigration are 
balanced by recruitment and immigration. Changes in population, particularly those 
that are extreme, may result from changes in abundance or scarcity of food. 
Fluctuations maybe great for some species, particularly those that require specialised 
habitats, however, each population has a Minimum Viable Population (M.V.P)3 that 
must be maintained if it is to persist over time (Nilsson & Ericson, I 992) 
Regulation of populations cannot whoily be explained by the Equilibrium Model, other 
factors also impinge on population numbers. These influences are identified as being 
either density - dependent (biotic), such as competition and over-exploitation of 
resources or density- independent (physical), such as climate and food supplies (Ford, 
1989). Density-dependent and density-independent theories consider the change in a 
3 M.V.P- An important aspect to Island biogeography is the ability to be able to dctenninc the 
minimum critical size of populations and habitat in order to conserve and sustain a population. M.V.P 
analysis provides this means by estimating the extinction risk of a population over a specified time 
period with a given probability of population survival, for example 99% over 1000 years (Nilsson & 
Ericson, 1992; Briggs, et al 1995). 
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species density relative to the density itself and assumes that everything else in the 
ecosystem is stable (Pimm, 1991 ). While this may be true over a short period of time 
over longer periods the density of a species will ultimately influence its immediate 
predators and prey as well as competitors. These relationships will ultimately produce 
a ripple ell'cct across all species of a community and therefore population changes 
must be understood in relation to the whole food web of which it is a part (Pimm, 
1991; Begon et a!. 1988). 
1.4 Why Study Seabirds? 
Seabirds represent approximately 3% of the world's avifauna (Furness & Monaghan, 
1987) and in Australia they represent approximately half the country's total bird 
population (Ford, 1989). Seabirds are defined as not only those birds that utilise the 
shoreline for feeding, but also those that obtain at least part of their diet from the ocean 
by travelling some distance over it's surface (Furness & Monaghan, 1987). While 
seabirds are widely distributed throughout the world's oceans ali seabirds depend on 
land (coasts, inshore and oceanic islands) to breed, with approximately 98% of all 
seabirds breeding in large crowded colonies. Invariably monogamous, seabirds generally 
return to the colony of their birth to breed (Furness & Monaghan. 1987). 
A number of factors affect the choice of breeding habitat for seabirds including: 
• availability of food - it is common for large populations of seabirds to assemble 
around a relatively stable food supply to ensure food is available throughout the 
breeding period (Marchant and Higgins, 1990) 
• availability of nesting area and materials - the quality of a nest site can have 
considerable effects on breeding performance. Many seabirds also delay breeding if 
overcrowding occurs, or if more dominant individuals have monopolised all the 
suitable nesting sites (Ford, 1989) 
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• climate and micro-climate- climate a!Tects seabird breeding predominantly through 
its inlllleiH:e on food resources and habitat conditions. Many seabirds muy escape 
the e!Tccts of harsh climatic conditions by breeding in protected habitats, such as 
rock crevices and underground burrows (Warham, 1990). 
Detined, generally, asK-selected species, as opposed to r-sclccted species (Furness & 
Monaghan, 1989; Warham, 1990; Ford, 1989), seabirds exhibit a number of life-
history strategies that differentiate them from other groups of birds in a number of 
respects (Figure 1.5). Seabirds, generally live longer and exhibit the fo!!owing 
characteristics: 
• delayed breeding for up to 8 years until the skills for breeding success are well 
developed (Ford, 1989) 
• extended breeding period particularly common amongst offshore breeders as 
compared to inshore breeders, due to their foraging habits. When feeding on pelagic 
(offshore) marine species the distance from nesting site to feeding ground is 
variable and may be extensive. This results in longer intervals between visits by 
parent birds to feed their young which leads to slow growth of the chick and 
therefore longer times to fledging (Began et al. 1988) 
• produce small clutch sizes (often a single egg) which allows more concentrated 
parental care, resulting in larger body size and increased survival rate (Began et a\. 
1988). 
K-selected species are therefore regarded as utilising habitats that are considered 
'constant', or 'predictably seasonal', in time (Began, Harper & Townsend, 1988). Thus 
an understanding of the relationship between K-selected species and their habitats 
provides a means of detennining the ways in which their populations will respond to 
human exploitation and environmental change. The design and implementation of 
appropriate management strategies for oceanic and offshore islands should, therefore, 
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utilise information from baseline studies of both resident colonies and migratory 
seabird populations. 
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Figure 1.5 - The chains of causality presumed to give rise to (a) K-selccted individuals in K-
selecting environments, and (b) r-sc!ccted individuals in r-se!ccting environments. Solid ovals = life 
history traits, dashed ovols = attributes of the population, rectangles = mortality factors acting on 
individuals (Bcgon et al. 1998) 
IS 
1.5 Objectives 
According to the "\'ision" outlined by the Minister for Fisheries (Fishl!ries WA, 1997), 
if n bahmce between maintaining the Abrolhos' environmental signilicance and 
commercial exploitation of marine resources and tourism is to be achieved then a sound 
understanding of the islands' significant biogeographical and ecological values is 
fundamental to the implementation of"sustainable development".4 
The purpose of this study is to gain a better understanding of the relationship that 
exists between Wedge~tailed Shearwaters and their habitats on the Abrolhos Islands, in 
particular the locational factors tllat influence the distribution and nesting patterns of a 
breeding colony on West Wallabi Island. Personal field observations provide a means 
of assessing the density independent factors that sustain this population. Furthennore 
an integrated approach is required to study how these birds pattern life in time and 
space, so as to maximise access to the resources they require for successful breeding. 
This study wus initiated to serve the following purposes: 
l. To collect ecological and physical infonnation regarding nesting sites, such as 
position on the landscape, soil and vegetation properties. An attempt is made to 
detennine which habitat variables are most important to breeding, and how in turn 
these habitat variables influence the distribution of nesting sites. 
4 in the Preface to its 1990 Discussion Paper on Ecologically Sustainable Development, the Australian 
Government stated that "Sustainable development means using, conserving and enhllllcing the 
community's resources so that ecological processes, on which life depends, arc maintained, and the 
total quality of life, now and in the future, can be increased" (p43). 
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2. To provide population census data for a specified habitat, and to extrapolate these 
results to estimate the total population of Wedge-tailed Shearwaters breeding on 
West Wallabi Island for the 1997 breeding season. 
3. To compare the estimate of population size from this study with earlier publi shed 
records (Fuller et a!, 1994 ). 
4. To discuss the status of current knowledge of the Abrolhos Islands' ecosystems, 
with pa11icular interest in the role of Wedge-tailed Shearwaters in island 
communities. 
This information is considered to be crucial for future pl anning for the development of 
the terrestrial environment in response to increased pressure from tourism. 
Plate 1.2 - Wedge-tailed Shearwater, Pu.ffinus pacijicus, Abrolhos Islands, Western Australia. 
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Chapter2 
Methods and Research Techniques 
Chapter 2. Methods and Research Techniques 
2.1 The Study Area -a brief overview 
The WaUabi Group of islands was selected as a study area because it represents a 
unique ecosystem within the Abrolhos. This uniqueness is partly due to the existence 
of East and West Wallabi Islands, two of only three continental islands in the 
archipelago (Figure 2.0). 
WAILABI GROUP 
D 
II .. , ····1 ~~Observation Area 
\ J\/ ~:~ymetry 
113 30' 113 40' 113 50' 
Figure 2.0 - Wallabi Group oflsland, Houtman Abrolhos, Western Australia (Fisheries WA, 1997). 
21 
Signi!icantly, the islands in the Wnllabi Group provide important breeding babituts for 
seabirds, as well ns resting and !Ceding grounds !Or migratory scuhirds (Fuller ct al., 
1994 ). In addition to its importance for seabirds, the Wullabi Group contains unique 
vegetation communities, such ns the Dwarf' Saltbush Scrublands and Saltbush Flats 
found on West Wallabi Island. The ubiquitous Mangroves are also present occurring on 
most of these Islands and others in the Abrolhos. All of these vegetation communities 
are recognised as being of ''special conservation interest" by Fisheries WA (1997). The 
existence of these important habitats makes a better understanding of this particular 
ecosystem more important, particularly in light of the area's desirability for future 
tourist developments. 
East and West Wallabi Islands are the largest islands in the Abrolhos Group (Storr, 
1965). As a consequence of their varied topography and geomorphological structure, 
these islands are considered by the author to contain desirable characteristics for 
future land based tourist development. They are relatively large and accessible, with a 
number of naturally occurring deep water anchorage's and channels which provide safe 
passage to boat operators. In addition to the significant appeal of the natural 
environment, this group of islands also contains a number of interesting historic sites 
that have significant potential to attract increased tourist activity. Of particular interest 
is the shipwreck of the Batavia on Morning Reef (well frequented by scuba divers) 
with all of its associated land based sites on nearby Islands (Edwards, 1966) (Figure 
1.4). 
West Wallabi Island was selected from this group for detailed field investigation as it is 
home to the largest colony of Wedge-tailed Shearwaters in the Eastern Indian Ocean 
(Fuller et al., 1994), as well as containing a variety of unique terrestrial habitats and 
landforms (Fisheries WA, 1997). A major consideration in selecting a study area was 
its accessibility on a regular basis. Visitors to the islands must be invited gllests of the 
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local fishermen, and accommodation is restricted to that provided by the fishermen. 
Therefore this research was only possible due to the generosity of local fisherman, 
Michael Parker, who is located on nearby Little Pigeon Island (approximately I km to 
the east). 
Access to West Wallabi was negotiated by dinghy from Little Pigeon Island, 
southwards through a deep water channel, then across the south-eastern reefs landing 
on the sandy bays occurring along that section of the coast (refer to Fig. 2.1). Even this 
relatively direct, and short (20 minutes) journey was determined by the prevailing 
weather conditions and the tides. The water depth over the reef area is particularly 
shallow and a minimum tide of I m was required to ensure safe passage. The timing of 
high tide was also an imp~rtant factor. When high tide occurred late in the afternoon or 
early evening it, was not always possible to travel to West Wallabi lo undertake 
West 
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Figure 2.1 -Access route to West Wallabi Island from Little Pigeon Island. 
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with the influence of the tide, particularly strong winds were also a frequent occurrence 
and allen the reason for not being able to access the study area. 
2.2 Loc11tion of Survey Sites 
Data collection points (transect locations) were provisionally located on an aerial 
photograph (scale 1: I 0,000) then investigated on the ground to determine their 
suitability and to establish accessibility. Survey sites were selected to be 
representative of the distinct habitat types within the study area. Some of these 
locations were reassessed after the initial field inspection revealed that particularly 
dense vegetation or accidental burrow collapse was a problem. This was the case for 
Transect 4, which was moved further north than originally plotted due to the existence 
of particularly dense and impenetrable associations of the invasive plant species 
Nitraria bi/lardierei. Transect 2 was also relocated further north due to the frequent 
risk of accidental burrow collapse caused by traversing the area on foot. 
The natural boundaries formed by the coast, the salt Jakes, and the pavement limestone 
detennined the length of each transect. Because each transect was a different length the 
time taken to survey each area had to be considered so as to avoid the problems of bias 
associated with observer effort (Bibby, Burgess & Hill, 1992). As a way of 
overcoming bias from this source, observer effort was strictly controlled so that a 
similar effort was exerted at a similar rate for each area. 
Each transect was determined by securing a 100 m tape at a designated start point, 
these locations were arbitrarily chosen for their accessibility. A landmark was then 
sighted in the general direct the transect was to take and the tape run out, stopping at 
10m intervals to collect census data, until a natural boundary or othel' obstacle was 
encountered (Plate 2.0). 
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Plate 2.0 - Laying a Transect- A 100 m tape is r un out across the area to be surveyed, stopping at 
10 m intervals to collect density census data and make observations in regard to the effects of habitat 
variables on bun·ow locations. Shown here is Transect I , looking east across the in let to the shell grit 
flats towards the shoreline. Visible in the background is Mangrove Island. The dark green vegetation in 
the center is predominantly the samphir c, Halosarcia halocnemoides, and the fleshy reddish coloured 
Threke /dia diffusa 
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2.2.1 Type of lnformution to be Collected 
The following infonnation wns collected across each transect: 
I. A population census utilising the "Apparently Occupied Burrow" criteria 
to determine burrow status (Bibby et al 1992; Fuller et al., 1994) and 
Ward's (1991) method of Triangular Tessellation to calculate burrow 
density (refer to section 2.3.1 and 2.3.2 for a detailed explanation of these 
survey techniques); 
2. A topographic and soil profile utilising methods outlined in the Australian 
Soil and Land Survey Field Guidebook (McDonanld, Isbell, Speight, Walker 
& Hopkins, 1990); 
3. A vegetation profile showing the distribution of the dominant species. 
4. Evidence relating to the ecology and behaviour of the Wedge-tailed 
Shearwater. 
The survey area was visited only fourteen times during the I 0 week fieldwork 
period due to climate and tidal restrictions. The first visit to the site was on the 
18th March, 1998 and the final visit was made on the 23rd of May, 1998. 
Details of each visit are provided in a Schedule of Visits to Study Area, 
presented in Appendix 1. As a way of reducing accidental burrow collapse 
caused by walking across the habitat area, tracks made by the Tammar 
Wallabies were followed, wherever possible, particularly when moving between 
different locations within the study area. 
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2. 3 Populution Census 
Due to the dynamic nature of seabird populations, natural variation in numbers occurs 
at different levels each season, but these trends arc diflicull to quantify, and a certain 
amount of natural variation can be considered to be normal (Furness & Monaghan, 
1987; Nilsson & Ericson, I 992). Apart from diminished area of habitat (often the 
result of human activities), tluctuations in food supply and adverse weathe:· conditions 
are the main intluences on breeding populations of seabirds, such as the Wedge-tailed 
Shearwater. Many seabirds delay breeding so that hatching coincides with maximum 
food supply. This delay may be for one or two months or even extended to cover 
several breeding seasons. If food supply is disrupted during breeding fledgling survival 
rates may be reduced, while adverse weather conditions may act to delay or extend the 
breeding period (Carter, Hill and Dyer, 1996; Furness & Monaghan, 1987). 
Habitat conditions, particularly soil moisture content, are also an important 
determining factor for breeding success in each season. Differences in burrow density 
and location across the area of a .colony are most likely due to geomorphological 
variation in habitat (Dyer & Hill, 1992). A high proportion of unoccupied burrows 
(particularly if concentrated in specific locations) within a colony will most likely be 
due to habitat failure (Dyer & Hill, 1992). Thus monitoring large populations of 
seabirds is also a way of monitoring prevailing environmental conditions that affect 
breeding success. 
A Stratified Random SampleS was utilised in this survey in order to account for the 
effects that habitat variation has on the spread of individual density estimates (Bibby 
et al., 1992). The recognition, reduction or elimination of sources of bias and error are 
5 A Stratified Random Sample is that which utilises a priori knowledge of a population to divide the 
area into sub-populations, or strain, that are internally more homogenous. A sample is then taken from 
each strata (Sncdecor & Cochran, 1982) 
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important if a reliable (or more precise) result is to be expected. Sources of bias arc 
numerous and it is generally accepted that no realistic bird census can be completely 
bias fre-e. 
One of the most common sources of bias in large scale surveys, such as this one, is that 
of observer interpretation. Establishing a set of guidelines for collecting data is a means 
of eliminating or reducing this source of bias, which is particularly important if the 
survey is ongoing. Where previous data is available, similar methods of data collection 
should be employed to ensure that the results from the surveys are comparable (Dyer 
& Hill, 1995 and Bibby et al, 1992). 
Apart from the present study, the only other census for this colony was undertaken in 
December 1992 by CALM. Three people took 3 days to survey the northern Shell 
Grit Flats which recorded an estimated population of in excess of 1 I 17 000 pairs of 
birds (Fuller et al, 1994). The criteria utilised to detennine this estimate relied on the 
number of burrows that appeared to be in use, or recently usrci per hectare. Similar 
criteria were used for this survey. However, before census data collection could begin 
the status of burrows in tenns of occupation (ie. occupied/unoccupied) had to be 
established. This is discussed in further detail in the following section. 
2.3.1 Determining Burrow Status 
The Apparently Occupied Burrow Criteria, as utilised in this survey, is a 
common method of assessing burrow status and relies on physical evidence of 
occupation, such as footprints leading into a burrow, scrapings around the 
entrance to a burrow as well as food remains, feathers, odour and droppings in 
the burrow entrance (Bibby eta!, 1992). Other indicators of occupation may be 
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burrow lining and cmnoullage of the burrow entrance with plant debris (Dyer, 
1991; Dyer & Hill, 1992 and Marchant & Higgins, 1990). 
Unoccupied burrows may consist of those that have been abandoned during the 
breeding season if reproduction was unsuccessful, those that were only 
partially excavated then abandoned in 13.vour of a more suitable site or 'practice 
burrows' created by non~breeders during the excavation period (August-
September) prior to the commencement of the breeding season proper (Dyer & 
Hill, 1992). After initially excavating a number of burrows thought to be 
inactive it was detennined that one metre is the minimum length for an active 
burrow. The following characteristics are associated with inactive burrows: 
• I m or shorter in length 
• burrow entrances tended to be more exposed with sparse or no vegetation 
covering 
• straight, shallow burrows that are only centimetres from the surface; 
collapsed easily when excavated 
• burrows terminated with no evidence of incubation chambers 
• no physical evidence of occupation (as described above) 
Burrow lengths were estimated using a spring back tape, and as a means of 
testing the above criteria ten burrows were selected and monitored throughout 
the fieldwork period. 
Markers were placed at the entrance of five burrows thought to be occupied and 
five burrows believed to be unoccupied. Those placed at the entrance of four of 
the 'occupied' burrows were dislodged regularly, while those placed in 
'unoccupied' burrows were rarely dislodged. The pattern of dislodgment was 
also taken into consideration. For example, where a burrow marker was found 
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inside the entrance it was assumed that u purcnt bird or chick had knocked it 
over nnd not some other animal such as a skink or carpet snake. To fucilitatc 
easy rclocntion of these sites they were selected lrorn a sample that occur 
relatively close together in an area on the Shell Grit Flat between Transects 2 
and 3, and prominent marker posts were temporarily erected. 
2.3.2 Burrow Density Survey 
Large populations of seabirds are not suited to full survey methods that 
identii)t and individually count each nest site (Bibby et al, 1992; Dyer & Hill, 
1995). The effort required to carry out a full survey over a vast area is 
considerable, and as a consequence there is the potential to introduce observer 
bias which may influence the census results either positively or negatively. A 
common method of reducing this source of error is to concentrate observer 
effort over a smaller area within the colony to estimate the general density of 
nesting sites. This information is then applied to the total colony to make 
accurate estimates of the total population size (Bibby et al, 1992; Harris 1984 
& Fulleret all994). 
The earlier census of the West Wallabi colony of Wedge-Tailed Shearwaters by 
Fuller et al (1994) utilised the method of Triangular Tessellation6 to estimate 
burrow density as did this present study. 
Large populations of organisms (such as seabird colonies) that exhibit varying 
patterns of distribution arc most affected by the size and shape of quadrant 
6 This method depicts a habitat area as a plane of contiguous triangles from which "the lmnnonic mean 
of a sample of triangle areas chosen by random points, or equivalently the arithmetic mean of the point 
densities, leads to a sound estimation of [sites) per hectare, regardless of pattern" (Ward, !991 ). 
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samples (Harris, 1984; Bibby ct a!, 1992). ·rhc objcctivc of Ward's Triangular 
Tessellation is to reduce sources of crror that may be introduced by quadrant 
sampling methods; quadrant sampling is commonly employed when measuring 
large populations of organisms (I3ibby ct al., 1992 and Ward, 199 I). 
This method c<~lls for a compact triangle to be measured around a random point 
and then, for this application burrow, density calculated using Heron's Fonnula 
(Ward, 1991). CALM has created a BASIC program of this method to run on a 
hand held computer in the field, enabling point data to be accurately mapped 
with error recognition. 
For this survey sample points were located at I Om intervals along each transect 
and, the three closest llCcupied burrows identified. The distances between these 
three poir,ts was recorded in a notebook, as well as being instantly recorded on 
a Husky Hunter field computer loaded with the Triangular Tessellation program 
(courtesy of CALM). The cumulative and point densities were stored on the 
computer, as well as being recorded in a notebook to be later entered into a 
spreadsheet. Fifty eight samples were taken in the main site area of 
approximately 65 ha. 
A further ten samples were taken from the north-west dune area for 
comparative purposes only, and will not be utilised in the total population 
estimates as the area is not representative of the whole habitat area and may 
unnecessarily deflate the results. In a discussion with Dr Burbidge of CALM it 
was revealed that area was also excluded from their previous census for similar 
reasons. 
2.4 Topography and Soil Profile 
If habitat features are measured at the same intervals as census data then some 
interpretation of the relationship between these two variables is possible (Bibby et al., 
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1992). Thc.:rciDn.: the.: c.:lcvation, slope and sui! properties were recorded at cL:nsus 
sampling points across each transect. The land/im11 dc.o.criptions were constructed 
using tenninology and dclinitions as outlined in Table 2.0. In areas where the elevation 
was signilicantly higher a Magellan hand held Global Positioning System was also used 
to confirm observed estimations. 
So as to avoid confusion, micro conditions such as undulating landscape created by 
burrowing activity were identified independently of the general topography. 
2.5 Vegetation profile 
Utilising the methods outlined in the Australian Soil and Land Survey Field Handbook 
(Mcdonald et al 1990) the vegetation structure and cover was recorded for each 
transect (Table 2.1 ). Given the poor condition of much of the vegetation a complete 
plant species list was difficult to compile, and therefore only the dominant (and other 
identifiable) species were recorded. Distribution profiles were produced for each 
transect (see Section 3.4). 
The annotated list of plant species from Storr's {1965) survey of West Wallabi Island 
offers a comprehensive coverage of the area and was utilised in combination with other 
works (Rippey & Rowland, 1995 and Johnstone & Storr, 1994) as a guide to 
identifYing plant species found on the Island. 
2.6 Ecological Habits 
The Wedge-tailed Sheai'\Vater is a pelagic species occurring in both tropical and sub-
tropical regions of the Pacific and Indian Oceans. There are two discrete populations 
separated by the Indonesian and Malay archipelagos and Australia (Figure 2.2). 
Breeding occurs throughout the range of vegetated islands, atolls and cays specifically 
in areas such as sand dunes, plateaus, flats and headlands. In Western Australia the 
breeding range extends from Camac Island, off Fremantle, in the south to Sable Island 
in the Forestier Group in the north (Serventy et al., 1971). Wedge-tailed Shearwaters 
breed in colonies where nesting occurs in either rock crevices or in burrows excavated 
in soft sand and shell grit beneath forests, low shrublands, grasslands and mats of 
succulents (Marchant & Higgins, 1990). Burrows may be up to 2m long and lm deep 
depending upon the soil structure and stability in combination with the type of 
vegetation cover present (Garkaklis,' 1992 and Neil & Dyer, 1992) . 
.. . --"" ~- .~· 
Figure 2.2 - Southern Hemisphere distribution of Wedge-tailed Shearwaters (Serventy, 1956). 
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The breeding cycle for Wedge-tailed Shearwaters in the Southern Hemisphere begins 
with the laying of a single egg in November or December. Hatching usually commences 
in January, with the chicks remaining in butTows unti l April or May. During these few 
months in the burrow chicks are fed by both parents who return to the nesting site at 
night. Visitation freq uency by the parent birds may occur at intervals between 2 - 8 
days (Dyer & Hill, 1992; Garkaklis, 1992 and Saunders & de Rebeira, 1993) or even 
longer intervals up to two weeks (personal communication, Dr A. Burbidge, CALM, 
1998). In order to observe the frequency of visitation by parent birds, footprints found 
leading into the entrance or' sunounding the ten marked burrows were smoothed over at 
each visit. Food remnants or feathers were also removed at each visit. 
I 
Plate 2.1 -Physical evidence of occupation at this burrow includes distinct footprints leading directly 
into the burrow, accompanied by a strong odour caused by droppings and food remnants in the burrow. 
The tracks of a King Skink can also be seen entering the burrow (top right}. The burrow entrances is 
camouflaged by Dwarf Ah·iplex paludosa (saltbush). 
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The entire pelagic runge of the Wcdgc:railed Sllcarwatcr is not fully understood, but 
tbr Indian Ocean populations it is believed to be quite extensive and extending welt 
beyond the breeding r<mgc (Figure 2.3). Their diet consists largely of various /ish 
species and squid obtained by "contact dipping"7 and "surface seizing"~ (Garkaklis, 
1992; Marchant and !-Iiggins, 1990). As a means of assessing the close mnge feeding 
distribution of the West Wallabi birds a number of local fishermen were asked (while 
engaging in daily fishing activities to record the location~ of flocks of feeding birds 
(refer to table 5.0 in Chapter 5 for details). 
At the time of departure from the breeding ground (fledging) adult birds often leave 
before the fledglings (Dyer & Hill, 1995), and although generally described as a non-
mig~atoty species, some populations from the Southern Hemisphere may migrate 
north across the equator for the winter (non-breeding) months (Marchant & Higgins, 
1990). During August birds return to the breeding ground to renovate existing nesting 
sites or create new ones (Garkaklis, 1992; Johnstone & Storr, 1994 ). 
A local fishennan (Mr Craig Peacock) working on a charter boat to the Abrolhos 
Islands during August and September 1998 was asked to record sightings of Wedge-
tailed Shearwaters on or near West Wallabi Island. The only sightings he reported were 
for late September when a flock of 40+ birds were observed in flight off the northern 
end of East Wallabi Island. 
7 Contact Dipping- method of seizing food from the ocean by visual sighting. IJirds ny close to the 
surface with feet touching and wings held back while head plunges beneath the wmcr to sdzc !ish 
(Marchant& Higgins, 1990). 
8 Surface Seizing - similar method of catching fish as for Contact Dipping but birds may dive beneath 
the surface, although it is seldom that complete submergence occurs Marchant & Higgins, \990) 
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Figure 2.3 - Feeding range and breeding distribution of Southern Hemisphere populations of Wedge-
tailed Shearwaters. Lighter coloured arro\vs indicated breeding locations while darker colored arrows 
indicate known extent of feeding range (Marchant & Higgins, 1990}. 
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2. 7 Mnpjling 
Counts of seabirds are meaningless without adequate mapping of habitats, and 
therefor~ habitat types and other rcaturcs occurring in the main site area were mapped. 
An aerial photograph with a scale of I: I 0,000 was utilised as a base map for creating 
overlay maps indicating the main site area and transect locations. The four identified 
habitat types and the corresponding point density data were mapped out on a base 
map of the site aren obtained by cnlnrging the appropriate section from the aerial 
photograph. 
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The Study Area - a detailed site description 
Chapter 3. The Study Area - a detailed site description 
3.1 West Wallabi Island- Overview 
Situated at 28° 29' S, 113° 41' E West Wallabi is the largest island in the Abrolhos 
Group being approximately 5 km long and 2.5 km wide with an area of approximately 
600 hectares. Once a continuous platform of coral reef, East and West Wallabi islands 
have been separated by the processes of marine erosion (Teichert, 1947). And although 
they now represent two geographically distinct units they still remain connected by a 
lower level platf01m, lying just below low water mark. Recent mapping of the 
t' 
Abrolhos marine environments by Fisheries WA (1997) classifies thi s platform as 
"land and drying shallows". This feature forms a continuous platform around the island 
creating a shal low water regime further protected"by outer lying reefs (Figure 3.0) . 
. . 
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Coral Cover (+3m) 
Land & Drying Sllallovvso-<;~1::' 
Plant Cover (+3m) 
Plant Cover (1-3m) 
Sand Bottom (+3m) 
Shallow Sand (1-3m) 
Figure 3.0 - Marine environment of the Wallabi Group. East & West Wallabi Islands and the 
connecting reef platform are shown as one category (Land and Drying Shallows), indicating the 
extremely shallow nature of the waters (Fisheries WA, 1997). 
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The emergent section of this marine platform that is West Wallabi Island exhibits a 
topography established during the Holocene, underlain by Cretaceous and Tertiary 
limestone, siltstone and marl (Fuller et a!., 1994). West Wallabi, like most of the 
islands in the Abrolhos Group, is largely low lying rising to between lm and 3m above 
ASL. The exception being along the southern and south-western coasts where 
consolidated dunes have formed due to the deposition of sand carried by the strong and 
dominant south-easterly winds (Teichert, 1947). 
Rising to approximately 15m ASL (Above Mean Sea Level) the dunes in the south 
west area feature sheer, vertical cliffs continually being eroded by the dominant 
southerly tidal processes. A few short stretches of shingle beach exist along the 
southern coast which are accessible only at low tide. Eastward along the south coast, 
the dune limestone is absent from the topogtaphy as itf has been replaced by more 
recent dune sands (Figure 3.1). This area contains a dense distribution of Wedge-Tailed 
Shearwater Burrows. 
f}(;);;,;s: I P<~Vurunt. l...'tmLSi:ona 
N.'T. 5 
Figure 3.1- Geomorphological structure of West Wallabi Island (Modified from Storr, 1965}. 
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A long-shore current along the east coast has deposited large quantities of coral shingle, 
shells and sand in the island's embayments (Plate 3.0). This si lting has created small 
sandy beaches extending into the shallow waters surrounding the island, particularly at 
Webbie Hayes Bay and Tattler Bay. The south eastem comer is dominated by a tidal 
salt lake, connected to the sea by a narrow inlet, openjng near Mangrove Island. 
Surrounded by shell grit flats this lake area is also utilised as a breeding habitat by the 
Wedge-tailed Shearwaters (Johnstone & Storr, 1994). 
Plate 3.0 - Coral shingle and shell deposits form a low but steep embankment along the shore of the 
east coast of West Wallabi Island. Debris and rubbish dumped or lost to the ocean from fishermen, 
tourists and passing ships is also deposited along this coast, and numerous ropes, floats, bits of wood, 
old cray-fish pots, glass bottles, and bits of plastic were commonly found on this stretch of coast. 
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The north cast coast features a continuous limestone ridge that !(mns steep undercut 
cliffs, interspersed witllmore gently sloping limestone embankments that extend below 
low water mark <md lbrm the platform reef that connects West and East Walfabi 
Islands. At very low tides this reef is exposed allowing easy access between the two 
islands. 
The northern end of the island is dominated by a large shell grit flat consisting of small 
to medium shells. Extending to a depth of approximately 1.5m this flat is interrupted 
by narrow banks of guano rich deposits (Johnstone & Storr, 1994) and a heavy 
concentration of burrows. This extensive flat represents the largest known area of 
breeding habitat for Wedge·tailed Shearwaters on West Wal!abi Island (Fuller et al., 
1994). 
The northern section of the west coast from Pelican Point to the top of Horseyard 
Bay, consists of a sandy beach backed by unconsolidated dunes. This area is also 
occupied by Wedge-tailed Shearwaters. Local craytishennen have a small settlement at 
Pelican Point consisting of a number of'shacks', boat moorings and a small jetty. 
The surface limestone that covers much of the island's interior has JOnned in large 
cracked sheets creating a pavement of irregular slabs varying in thickness between Im 
and 3m (Storr, 1965) (Plate 3. I). Across the pavement limestone the sparse vegetation 
cover, consisting of low shrubs from I m to 2m high, is relatively diverse for such harsh 
conditions and little available soil. Located at the northern limit of this platform is a 
low lying depression (only 0.6 m ASL) consisting of an old rock flat (Storr, 1965). 
The patterns left on the landscape by previous guano mining activities are clearly 
visible in the south western corner from an aerial photograph although other evidence 
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of the miner's presence, such as the old tram, is gradually diminishing over time (Plate 
3.2). 
Plate 3.1 - Southern extent of the central limestone platform, looking west. This pavement limestone 
covers much of the interior of West Wallabi fsland, and while little soil is available a richer variety of 
plant species survives here that in other areas on the island where the soil is plentiful. 
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Plate 3.2 (see over)- Aerial photograph of West Wallabi Island (I: 10,000) used in this study to 
identify suitable areas for surveying and create maps of habitat areas (Courtesy of CALM) 
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3.2 The Main Study Area 
The habitat in the south east corner of West Wallabi Island was chosen as the mam 
study site for this project. It covered approximately 65 hectares of the colony's 
estimated total breeding area of 220 hectares (Plate 3.3). A habitat classification that 
t 
was meaningful to this study was necessary to facilitate the systematic field survey. 
This process was to some extent arbitrary given the similarity of soil and vegetation 
structures throughout the study area, however, four habitat types were identified 
based on soil type and vegetation cover. 
Plate 3.3 - Main Study Area. The area is dominated in the east by a tidal salt lake fringed by 
Shrubby Samphire, Halosarcia halocnemoides, and utilised by wading birds such as the Pied 
Oystercatcher, Haematopus longirostris, and the Wood Sandpiper, Tringa glareola. The Vegetation is 
dominated by two species of saltbush, A triplex paludosa and Atriplex cinerea. 
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3.2.1 Ha bitat Types 
The four distinct habitat types were identified as (Figure 3.2): 
(i) Shell Grit Flat (Plate 3.4) 
Covering the area between the salt lake and the islands south east coast this flat 
consists of calcareous sand imbedded with small to medium size shell 
fragments. Deposits of larger shells and coral shingle occur along the coast at 
the bays along the southern limit of this flat. Lying at approximately lm ASL 
this flat is dominated by the Salt Bush, Atriplex paludosa, and the Sea Heath, 
Frankenia pauciflora, cropped to low heights by the strong south easterly 
winds that dominate the area. This habitat type has 6een recognised as being of 
special conservation value as it only occurs on West Wallabi and North Islands 
(Fisheries W A, 1997). 
Plate 3.4 - Shell Grit Flat east of the salt lake in the south east corner of West Wallabi Island. 
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3.2.1 Habitat Types 
(ii) Consolidated Dunes (Plate 3.5) 
These dunes in the south of the study area-rise up to approximately 15m ASL, 
(the highest points on the island) and stretch for approximately 1 km in length. 
Although more sparsely distributed than on the flat Sea Heath is dominant in 
this habitat along with the Salt bush, Atriplex cinerea. The dune sands that 
cover much of the ·area are coarse and well leached, and larger shell fragments 
are absent. Sea erosion is occulTing at stretches along the coast in this area. 
Plate 3.5- Consolidated Dunes, Southern Coast, West Wallabi Island. Rising to approximately 15m 
ASL these dunes are backed by limestone pavement and bear the fu ll brunt of the dominant southerly 
wind and wave action. 
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3.2.1 Habitat Types 
(iii) Salt Bush Scrubland (Plate 3.6) 
This area is bordered in the east by the salt lake and fi·inged to the west by the 
I 
southern extent of the central limestone plateau. Rising to approximately 6m 
ASL this scrubland is dominated by Atriplex cinerea, a salt bush exhibiting a 
smaller leaf area than its counterpart, A triplex paludosa, down on the flats. This 
habitat type, like tlie Shell Grit Flat, has been recognised as being of "special 
conservation value", due to its limited distribution within the Abrolhos Islands. 
Plate 3.6 - Saltbush Scrubland to the west of the salt lake in the southern corner of West Wallabi 
Island. The vegetation cover is particularly homogenous consisting predominantly of the saltbush, 
A triplex cinerea, and growing to a height of O.Sm. 
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3.2.1 Habitat Types 
(iv) Samphire Fringe (Plate 3.7) 
Consisting of fine, deep sand this area supportS/ a dense community of the 
Shrubby Samphire, Halosarcia halocnemoides, but does not support any other 
species. Growing to a height of l.Sm this fi·inge varies in depth around the lake 
and is characterised by considerably taller vegetation associations than seen in 
the other three habitat types. 
Plate 3. 7 - Sam ph ire Fringe of the tidal salt lake in the south-eastern corner of West Wallabi Island. 
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Figure 3.2 - Division of main study area into Habitat Types utilising soil and vegetation cover as 
discriminating factors. 
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3.3 Trunsccl LocJIIiuns 
Samples tnkcn from only one habitat type arc likely to produce biased results, 
thcrcfort: dght transects were located across each of the four defined habitat areas, 
(Transects I to 8 in Figure 3.3). An opportunity existed fa visit the north-western 
nreas of the island in April 1998. Two transects(9 & 10, in Figure 3.3) were surveyed 
with the objective of collecting data from an area of low burrow density. This enabled 
comparisons to be made with areas of higher burrow density, in order to reveal factors 
that may aiTect burrow site selection. This area to the north west is not representative 
of the dominant habitat area, and therefore has not been included in the population 
census as it may influence the results unnecessarily downward. 
Within the main site, areas other than the transect locations were generally surveyed in 
regard to vegetation, soil, topography and micro conditions that may impact on burrow 
location and success. An area wedged between a break in the southern limit of the 
central limestone platform was surveyed as the soil is markedly different from that in 
surrounding areas (shaded area on Figure 3.3). The topsoil consists of a thin, hardened 
layer of shell grit underlain by a much darker rust coloured soi I. Finer and more friable 
than the shell grit found on the flats, or the calcareous dune sands further south, this 
soil is heavily imbedded with shell remains and fragments of a medium size (Plate 3.8). 
The ground is thickly carpeted with the invasive lceplant. Mesemb1ymuhemum 
crylstallinum, and bordered by clumps of sam ph ire (Plate 3.9). The soil, is similar to 
that of the salt lake. This feature along with the dominant plant communities suggests 
that this area was in the past a wetland area, perhaps a waterhole similar to those 
found adjacent to Webbie Hayes Bay and Tattler Bay. 
The thick ground cover oficeplant seems to act as a stabilising factor on the soil which 
in turn appears to result in less burrow collapse than observed elsewhere within the 
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study area. Burrows are shallow (up to 0.3 m below the surface) in comparison to 
other areas and extend for over 2m in length parallel with the ground surface. Many 
burrow entrances are on the open 'carpeted' flat ground continuing into the samphire 
fl'inge. All of the burrows observed in detail appeared to be occupied. Evidence of 
occupation included a strong smell at the entrance of burrows, bird droppings and 
I 
feathers in the small chamber near the entrance. Footprints and disturbed ground was 
also noted at those burrow entrances located in the samphlre fringe (where the thick Ice 
P lant carpet was absent). 
Plate 3.8 - This rust colored soil was covered by only a thin layer of shell grit. Excavated burrows in 
this area exhibited signs of occupation including a strong smell, feathers and excreta. 
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Plate 3.9 - The invasive ground cover Mesembryanlhemum crystallinum, (lee Plant) dominates a 
small area in the south east corner of the study area and appears to provide a stabilising effect on the 
soi l. Burrow entrances can be seen in the centre foreground and the extent of this ground cover is 
indicated by the dashed line to the left where the vegetation is dominated by the common Frankenia 
paciflora and Threlke!dia diffusa. 
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3.4 Trunscct Prolilcs 
3.4.1 Trnnscct 1. Shell Grit Flnt/Sultbush Scruhh•nds (Figure 3.5) 
Beginning along the shoreline approximately I.Sm from the high water mark at 
0.6m ASL, the first 61111 of this trnnsect covered the sparsely vegetated flat to 
salt lake inlet near Mangrove Island. Dominated by Sea Heath and Atrip/ex 
paludosa, the vegetation is low lying providing plenty of camouflage and shelter 
for the burrows (PlAte 3.10). 
Most burrow entrances in this area are covered by overhanging vegetation and 
face a westerly direction away from the strong south·south easterly winds that 
blow across the area at this time of year. A number of burrows were found to 
be lined with shell remnants, some quite large. Irrespective of whether these 
shell remnants are deliberately placed there, or uncovered during burrowing, 
they did appear to be an obstacle to the birds. 
The next 22m across the salt lake inlet precludes burrowing. The soil is fine and 
compact, and varies from wet to damp. The western bank is composed of 
exposed and weathered limestone rising to approximately 2.5m ASL at a slope 
of approximately 45 degrees. 
On this higher ground, the scrublands area is dominated by Atriplex cinerea, 
growing to a height of approximately lm in the deeper soil. Most burrows 
occur at 0.4m to 0.5m below and parallel to the surface. Burrows continue to 
face west and many extend beneath areas of heavy vegetation where extensive 
root growth does not appear to hinder burrowing. 
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Plate 3.10 - Shell Grit Flat at transect 1. The plant species shown are the sea heath Frankenia 
paciflora, Spinifex longifolius and Threlkeldia dif.fusa. 
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3.4 Transect Prolih.•s 
3.4.2 Trnnscct 2- Shell Grit Fh1t/Sumphirc Fringe (Figure 3.6) 
Running in an cast-west direction, the second transect covered 92m of saltbush 
tlat which continues into the Samphirc scrub !'ringing the salt Jake. Although at a 
constant 0.3m ASL this landscape appears to be undulating due to the effect of 
sand mounds created by burrow excavations (Plate 3.11). 
Burrowing begins approximately 3m from the high water mark in coarse sand 
heavily imbedded with shell grit. The dominant A triplex paludosa is quite dense 
and very low lying (0.2m), cropped by the strong winds that prevail over the 
area. Most of the burrows in this area are close to and parallel to the surface, at 
depths of only 0.1 m to 0.2m. Some burrows appeared to be covered only by 
matted, dense vr.get:ition. 
No evidence of u~.:cupation was discovered for those Burrows covered only by 
vegetation, or 'surface' burrows, although nesting in burrows of this type has 
been previously observed by Fuller et al ( 1994) . These 'surface' burrows could 
easily be explored to reveal the direction and length of the burrow excavations. 
Burrows observed at this location are between 2m and 3m in length and follow 
an indirect path, many appear to connect with each other fanning a network of 
channels. Burrow entrances face in a north westerly direction, away from the 
strong south-south easterly winds. This is a consistent feature of burrows for 
all the transects. 
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Plate 3.11 - Sand mounds created by burrow excavations creates an undulating affect on the 
Plate 3.12 - Vegetation communities growing on the shell grit flats at transect 3 include Frankenia 
pacijlora, Alriplex paludosa and Nitraria billardierei. 
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3.4 Trnnscct Prof'ilcs 
3.4.3 Trnnscct 3- Shell Grit Flats/Samphirc Fringe (Figure 3.7) 
Transect 3 heads south west from the coast across 95m of predominantly low 
lying saltbush tlats (to O.Sm high). The soil is much deeper along this transect 
than at either uf the first two locations, and remains coarse, but is imbedded 
with much smaller shell fragments. The vegetation grows up to a height of O.Sm 
on the tlat. Some areas are dominated by the invasive, and impenetrable Nitraria 
billardierei, which made field access difficult but did not seem to provide an 
obstacle to burrowing (Plate 3.12). 
Burrows occur further below the surface up (to O.Sm). and are also shorter in 
length (between l.Sm and 2m long). Burrowing begins 1m from high water mark 
at approximately 0.2m ASL and continues across the fiat into the Samphire 
fringe of the salt lake. The deep sand of this littoral zone supports vegetation to 
1.2m high which consists exclusively of Halosarcia halocnemoides. 
The nests of at least three White-Bellied Sea Eagles, Haliaeetus leucogasta, 
were frequently observed to be utilised by both adult and young birds. Being a 
know predator of the Wedge-Tailed Shearwater, the eagles nests were inspected 
for remains of these birds. These nests were found to be heavily littered with 
feathers, bone and carcasses of the Wedge-Tailed Shearwater (Plate 3.13). 
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Plate 3.13 - Nest of the white bellied Sea Eagle littered with he remains of Wedge-tailed 
Shearwaters that compose approximately 90% of their diet at this time ~the year. 
Plate 3.14 - Shell Grit Flat at Transect 4 
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3.-' Transect Profiles 
3.4.4 Transect 4- Shell Grit Flats (Figure 3.8) 
With an cast to west orientation covering only 52m this is the shortest transect. 
Thick layers of coral shale, shells, and shell remnants, as well as other debris, 
have been deposited on the shoreline to high water mark at approximately I .2m 
ASL. Burrowing began approximately O.Sm from this point. 
Sand and shell fragments are considerably finer in this locality and the soil is 
more compact. Supporting dense vegetation to a height of J.Sm it is dominated 
by Nitraria billardierei and Atriplex paludosa. Other plant species are also 
present but their distribution is sparse as in the other areas surveyed (Plate 
3.14). While these species are not described in the text they are noted on the 
transect profiles. 
Located behind the island's southern dunes this area is partially protected from 
the wind. While the general trend in this area is for burrow entrances to face 
north west a number also face a south westerly direction. 
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3.4 Trnnscct Prnlilcs 
3.4.5 Transccl S- Consolidalcd Dunes (Figure 3.9) 
At appro,'\imatcly I 5m ASL nt it's highest point, Trc:mscct 5 stretches 55.5m 
from the south coast across the consolidated dunes, cast to the limestone 
pavement. These dune sands nrc medium to fine, but shell fragments and 
remains are nbscnt. Donlinated by Sea Heath the vegetation on the southern 
dune face is sparse and extremely cropped due the inOuence of the strong 
soutllerly winds that dominate the island (Plate 3.15). 
The soLJthern dune face has been eroded by wave action 10 expose plant roots 
which has caused some loss of breeding habitat and burrow collapse (Plate 
3.16). Burrowing begins at the top of the dune slope with all entrances facing 
north- west. Although the vegetation cover on top of the dune is very sparse 
there is still a dense concentration of burrows in this area. 
Burrows on the top of the dune have entmnces facing north-west away from 
the prevailing wind, while burrows on the northern dune slope had entrances 
facing east and south, as well as west and north. 
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Plate 3.15- Conso lidated Dunes at Transect 5 
Plate 3.16 - Marine erosion of consolidated dunes in the south results in some loss of breeding 
habitat for the Wedge-tailed Shearwaters . 
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3.4 Tn111scct Profiles 
3.4.6 Transect 6- Consolidated Dunes (Figure 3.1 0) 
Perched high on the southern dunes, Transect 6 covers 73m and covers similar 
terrain to Transect 5 (Plate 3.17). The dense vegetation on the northern slopes 
is particularly degraded and the dominant A triplex cinerea is overrun in areas by 
Nitraria biliardierei growing up to O.Sm high. Due to this dense and 
impenetrable vegetation cover Transect 6 had to be terminated at 73m rather 
than extending its full length to the natural boundary posed by the limestone 
further north. 
Accidental burrow collapse occurred at this site more often than at other survey 
locations. This was particularly evident on the northern slope where burrows 
were shallow (approximately 0.\m to 0.2m below the surface) and soil stability 
is reduced. Erosion caused by the wind has removed the top soil exposing 
burrows in at least one location (Plate 3 .18). 
On the northern dune face the vegetation cover is particularly vigorous and 
dt:nse, dominated by A triplex cinerea growing to a height of up to 0.7m. The 
burrows in this area are well protected from the wind and camouflaged by 
vegetation; burrow entrances face east to south east. 
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Plate 3.17 - Consolidated Dunes along Transect 6 . Plant species illustrated include lceplant 
(foreground); Nitraria billardierei (center right) & sparse Sea Heath an~ Saltbush (bottom right). 
Plate 3.18 - Wind erosion in the southern Consolidated Dunes has removed tl1e topsoi l, exposing the 
burrow beneath. 
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3.4 Transect Profiles 
3.4.7 Transect 7 - Saltbush Scrublands/Samphire Fringe (Figure 3.1 1) 
Transect 7 covers 55m of Saltbush Scrubland and is located on the western side 
of the salt lake heading in an easterly direction to the southern tip of the islands 
extensive central limestone platform (Plate 3.19). The soil is composed of 
coarse sand with occasional small shell fragments. The dense Atriplex cinerea 
grows to a height of up to 0.5m. The only other plant noted in this area is 
sparsely distributed Sea Heath. 
At approximately 3m ASL these scrublands gently slope away to the Samphire 
Fringe and the salt lake. The littoral zone on this side. of the lake extends up to 
approximately 8m wide, compared with the eastern side which is 12m wide in 
some places. Burrow entrances face to the n01th and run parallel to the swface 
at an approximate depth of 0.4m. The dense vegetation cover does not present 
Plate 3.19 - Saltbush Scrublands at Transect 7 
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3.4 Transect Profiles 
3.4.8 Transect 8 - Saltbush Scrublands (Figure 3. 12) 
Extending for 1OOm in a south - east to north- west direction, Transect 8 is also 
located between the central limestone pavement and the salt lake and covers 
similar terrain as that found along Transect 7. Approximately 3m ASL this area 
supports a dense coverage of Atriplex cinerea with little diversity of species 
evident at this time· (Plate 3.20). 
The burrows in this area of deep, sandy soil run parallel to the surface, at a 
depth of up to 0.2m for a distance of approxi mately 1.5m. Burrow entrances 
face in a not1h north-westerly direction, and although protected by the taller 
(up to 0.8m high) dense vegetation were quite exposed, compared to the 
covered entrances observed on the Shell Grit Flats and Consolidated Dunes. 
Plate 3.20 - Saltbush Scrublands at Transect 8 
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3.4 Trunseet Profiles 
3.4.9 Tnmseets 9 and 10- North-West Dunes 
Running from west to cast across undulating dunes along the island's north west 
coast, Transect 9 (Plate 3.21) covers a distance of SOm and Transect I 0 extends 
for 54m. In this area the sand is liner and more compact supporting vegetation 
to a height of l.Sm. The plant species are more diverse than those observed on 
the islands south east, but the overall distribution of vegetation is sparse with 
some areas being completely bare (Plate 3.22). 
Burrows in these locations are less dense and do not occur in the open, bare 
areas, rather they are confined to the vegetated areas. Where burrowing occurs 
on the slope of a dune embankment, rather than running parallel with the 
surface, burrows penetrated the dune and then turn slightly downwards for up 
to 2m. 
This area is protected from southerly winds, but exposed to north, north-
westerly winds that blow predominantly in winter. The burrow entrances 
therefore do not exhibit any consistent directional orientation. Many face south, 
south-easterly, as well as in a northerly direction, and very few are covered 
with vegetation. 
A considerable number ofTammar Wallabies were observed in this area, and the 
tracks they frequent were well worn with many leading directly to the fishing 
settlement at Pelican Point ·were fresh water is readily available. Due to the 
presence of fishermen each year on the island the w<!llabies arc quite 
accustomed to humans and may be observed at relatively close qumters. 
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Plate 3.21 - Consolidated Dunes at Transect 9 on the north- west coast. 
Plate 3.22 - Vegetation community on the dunes on the north-west coast of West Wallabi Island. 
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Chapter4 
Data Analysis and Discussion 
I 
Chnptcr 4. ll:1t:l Ann lysis und Discussion 
.u Uubit:tt Variables 
The distribution of Wedge-tailed Shcarwater burrows within the defined study area is 
analysed in regard to habitat variables such as climate, soil, vegetation and topography 
for each of the identified habitat types. 
4,1.1 Shell Grit Flat 
The Shell Grit Flat occurs to the East of the salt lake along the south east coast 
of the island (Figure 3.2). This habitat type is represented by transects 2 and 3 
(which also extend into the Samphire fringe); transect 4 and the eastern extent of 
transect 1 (Figure 3.3). 
Transect I, located at the nm1hern extent of the Main Study Area, exhibited the 
lowest concentration of burrows from all areas sampled with an average density 
of 697.6 burrows (Table 4.1 ). In particular burrow density was more sparse 
across the first 20m of this transect where the dune sands are mobile and the 
vegetation cover sparse. 
At transects 2 and 3 where the vegetation cover is low lying and very dense and 
the sands more coarse and more stable than at transect 1 burrow density is 
greater. An area exists where burrow concentration is particularly dense. This 
area forms a belt between the salt lake and the coast (Figure 4.0). The sand in 
this belt is less coarse than in the intermediate areas. 
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Figure 4.0 -Areas of High Burrow Density~ the areas where burrow density is greatest are 
characterised by deep sandy soils which are soft enough to excavate and stable enough o 
maintain a burrow. vegetation cover in these areas is dense and low lying. 
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Sand mounds created by burrow excavations have created an undulating cfiCct 
on the topography in this aren. Some of these mounds arc quite substantial nnd 
alTer protection to the burrows from the lierce winds that blow Jfom the south 
south~east. During surveying these sand rnounds were utilised to move about 
the study aren ns a means of reducing the occurrence of accidental burrow 
collapse caused when walking across the breeding ground. 
Low lying vegetntion, such as the wind cropped salt bush as well as plant litter 
and debris provide suitable materials for camouflaging and protecting burrow 
entrances. This habit of the Wedge~tailed Shearwater, to cover burrow 
entrances, has also been observed for eastern Australian colonies (Heron Island, 
Great Barrier Reef) (Dyer, 1991). The reasons for this habit are not fully 
understood. Possible ecological advantages may include; to deter predators; to 
retain thenno~regulating qualities of the burrow; or to reduce Competition for 
nesting sites from other birds in the colony. 
A number of burrows on the Shell Grit Flats around Transects 2 and 3 were 
found on the surfnce, covered only by dense vegetation (Plate 4.0). None of 
these burrows were occupied, and it is unknown whether they are intentionally 
located on the surface, or if they are the result of soil collapse resulting in 
burrow failure. Soil collapse may occur for a number of reasons particularly 
moisture content. Soil moisture content also determines the condition of 
vegetation cover, which in turn affects soil stability. Total annual rainfall for 
Gerald ton in 1995, 1996, 1997 and 1998 to 23rd November is presented below 
in Table 4.0. The pattern of a wetter year followed by a drier year (which may 
be related to the effects of the El Nino Southern Oscillation/Lecuwin Current 
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rclationship)9 may have the affect ofdcstubilising soil conditions through the 
prot:ess of alternate wetting and drying over time. 
Year Rainfall mm 
1995 386.4 
1996 502.4 
1997 362.4 
• 
Table 4.0 ~ Annual Rainfall for Geraldton. /'vlctcoro!ogical readings 
spccilic to the Abrolhos Islands arc very limited, therefore annual rainfall data for this 
area arc usually quoted from readings taken on the adjac~:nt mainland at Gernldton. 
Transect 4 was located in an area characterised by a similar soil profile to that 
of Transects 2 and 3. However, the vegetation growth is much more vigorous 
along Transect 4 and due to the presence of Nitraria biilardierei particularly 
inhospitable. This may present an obstacle to burrowing, which explains the 
more sparse distribution of burrows at this location. 
9 The ENSO phenomenon involves n change in the atmospheric pressure dift\:rcnce between the Indian 
11nd Pacific Oceans, nnd is triggered when warm low salinity eqmtturial \\'liters gnther nlnng the l'Unst \lf 
Peru and flow southward (the opposite direction to the normal !lnw of the llumholt CutTen\). When an 
ENSO event occurs there is u lowering in sea surlltce temperatures and sen levels nruund lnduncsiu and 
north-western Austral in resul!ing in u \\'Cllkcncd \,ceuwin CutTent. The illllllicutinns of an l~NS{) 
phenomenon cun be dcvustnting- in \9H2/83 the col\upsc of Peru's lishing nml llmning industries \\'US 
attributed to nn ENSO event, similnrl} it has hecn linked to periods nf drnu!!,ht in Australia (Pearce & 
Phillips, \988). 
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Plate 4.0 - Burrows occurring beneath a dense cover of vegetation only. This may be 
intentional as observed in Eastern Australian Wedge-tailed Shet water colonies, or it may be as 
a result of habitat failure 
' a:· ~ 
Plate 4.1 -Dune blow out along the south coast 
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4.1.2 Consolidated l)uncs 
The Consolidated Dunes occurring along the south coast of the island arc 
represented in this study by transects 5 nnd 6 (Figure 3.3). In this area the dune 
limestone is interrupted by deposits of dune sands that extend to a greater 
depth than the sands at either the Shell Grit Flat or the Saltbush Scrublands. 
The southern face of these dunes are subject to the effect of the strong 
southerly wind patterns that dominate West Wa,Jabi Island for most of the 
year, therefore the sands are mobile and the vegetation cover sparse. The 
northern face, however, exhibits a dense cover of vegetation and the stable 
sands are more conducive to burrowing and hence a belt of high density 
burrowing occurs along the top of the northern face (Figure 4.0) 
At one point along Transect 6 the strong south-easterly wind has eroded the 
sand from the top of a very shallow burrow exposing the tunnel below (Plate 
3.17). Another example of wind erosion was also noted along the south coast 
between Transects 5 and 6 where dune blow out is occurring (Plate 4.1). Apart 
from these instances no other signs of wind erosion were observed to have a 
noticeable effect on the breeding ground. The wind, however, played an 
important role in detennining the aspect of burrow openings (as described in 
Section 3.4). Entrances to burrows were consistently positioned so as to avoid 
the head-on effects of the wind. 
The south coast experienced some loss of Shearwater breeding habitat due to 
erosion caused by wave action (Plate 3.16). The extent of this loss is difficult 
to quantify as there are no previous studies of this habitat with which to make 
such comparisons. However future studies of sea-level changes may be useful 
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for establishing an indication of habitat loss due to marine erosion, as burrowing 
was observed to occur to the limit of the dunes. 
Transect# 1 8UITOWS p/ha 
(mean) 
1 697.6 
2 1730.2 
31 1774.1 
41 911.8 
51 2267.4 
6 3512.2 
7 1041.4 
Sf 1528.7 
9 & 101 949.3 
Table 4.1 - Point Data Averages - the mean density of burrows at 
each transect location in the main study area providing a simple measure 
of relative abundance. Full details of the census data as collected and 
calculated in the field are given in Appendix 2 (Population Census 
Data). 
4.1.3 The Saltbush Scrublands 
Transect 8 and Transect 7 (which extends into the Samphire Fringe at its 
eastern extent) occur in the Saltbush Scrublands to the west of the salt lake. 
This habitat type is characterised by 1.1 vigorous community of' A triplex cinerea, 
which is particularly dense along transect 7 (plate 3. I 9). 
These scrublands arc supported by deep, coarse sand becoming finer and 
shallower toward the central limestone platform. A concentration of burrows 
occurs along a belt mid-wny between the salt lake and the pavement limestone 
where the sands nrc deepest (Figure 4.0). 
Burrows in this area are aff'orde~ some protection from the wind due to the 
dense vegetation present, however covering or camotlauge of burrow entrances 
was not observed in this area as it was on the Shell Grit Flat. This may be due 
to the fact that the vegetation is some what taller in the Scrublands and Jess 
ground material is available for this activity. 
4.1.4 Samphire Fringe 
This habitat type forms a littoral zone surrounding the salt lake. It varies in 
width from approximately 8 m to 12 m and is represented east of the salt take 
by the western extent of Transects 2 and 3, and west of the lake by the eastern 
extent of Transect 7 (Figure 3.3). The only floral species occuring in this 
Habitat Type is that of the samphire Ha/osarcia halocnemoides growing to a 
height of 1.2 m, by far the tallest vegetation occuring within the Main Study 
Area. 
These hardy deep rooted shrubs presented no obstacle to burrowing which 
occured to within 0.3 m of the salt lake itself The sand of the littoral zone is 
deep and coarse and exhibits a slightly reddish hue when compared to the sands 
of the Shell Grit Flats or the Saltbush Scrublands. 
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Burrow entrances in the Samphire Fringe face away from the lake itself on both 
sides (ie on the eastern side burrow openings face toward the east and on the 
western side burrows face west). This was the only location within the main 
Study Area where wind was noted as having little impact on the orientation of 
burrow openings. It is more likely that the presence of the lake itself 
determined the accessibility to burrows. 
4.2 Overall Population Trends 
The results of the population census undertaken during this survey indicate a 
breeding success rate approximately one third of the previously published 
estimate. Approximately 370 000 pairs of birds successfully utilised the 
breeding grounds at West Wallabi Island in the 1997/98 breeding season, 
compared to the t 992 estimated population of approximately I 1 17 000 pairs 
of birds (Fuller et al., 1994). The current estimate was reached by subjecting 
the raw field data, collected utilising Ward's (199t) method of Triangular 
Tessellation, to a standard deviation (SD) and standard error (SE) calculation. A 
scientiftc calculator was used to perform these procedures where 
SD = Ji PJ (X,-.,y._)2 
J" 
(The square of each deviation (Xj·l-l)l is multiplied by the probability of its occurrence, P! then added 
and the square root taken) 
and 
sE= sojFrN 
(Where n is the total number of samples) 
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The standard error claculation performed on the census results indicate that this colony 
or Wedge-tailed Shearwatcrs has a very variable brcf!ding rate. The fhct that fCwcr 
burrows were occupied during this current survc;; indicates that breeding participation 
rates or success rates for the I 997198 breeding season arc reduced in comparison to 
previously published data. 
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ChapterS 
Conclusions 
Chapter 5. Conclusions 
The purpose of this study was to gain a better understandir~g of the relationship tlmt 
exists between Wedge-tailed Sheanvnters and their htlbitats, on the Abrolhos Islands, 
Western Australia. In particuar the Jocational factors that influence the distribution and 
nesting patterns of a breeding colony (the largest in the eastern Indian Ocean) on West 
Wallab·l Island were examined. 
Each of the four objectives outlined in Section I .3 will be addressed with regard to the 
conclusions reached after examination of the field data and existing literature. 
5.1 The Influence of Habitat Variables 
The objective was to collect ecological and physical information regarding the influence 
of habitat variables, such as position on the landscape, soil and vegetation properties, 
on the location of nesting sites, and in tum how this might affect breeding success. 
The conclusion reached is that burrowing occurs at greater densities where the soil is 
relatively deep and composed affine to medium size shell grit particles or dune sands. 
Compact and mobile sands are both unsuitable for burrowing as they do not have the 
stability to maintain a burrow even though they may be soft enough to excavate. The 
combination of soil stability and texture are the two main determining factors for 
successful burrowing observed in the study area surveyed. 
In areas where the vegetation cover is particularly dense burrow density is reduced. 
Vegetation cover generally provides stability to the soil making it more suitable for 
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maintnining a burrow, but where the plant root systems become too dense they 
pn:scnt an obstacle to burrowing. Burrows in Jess densely vegetated areas can be 
constructed so as to detour around plant roots, while there is no available space to do 
so in the densely vegetated an~as, such as along Transect 4. The thick ground cover of 
lceplant, Me.l'embl)'t111lltemum cJysta!/inum, that occurs in the south~eastern corner of 
the study area, while incredibly dense, has only very shaltow root systems. These 
roots appear to stabilise the line underlying sand and consequently supports a dense 
distribution of burrows over a relatively small area (approximately 8m2). It is 
recognised that this species is an exotic weed that may have displaced native species 
that fonnal!y provided soil stability in the area. 
These relationships observed between soil stability and texture, vegetation cover, and 
burrow density were similar across all of the transects, and it might therefore be 
concluded that these relationships will be maintained in all habitat types; this provides 
a criteria for detennining the habitat requirements of Wedge~tailed Shearwaters for 
successful breeding. This type infonnation is particularly useful in Jand~use planning 
as it allows for the identification of not only existing habitats but potential habitats 
that may require conservation or preservation management to be maintained. 
A secondary consideration is the effect of wind on the aspect of burrow entrances. In 
all areas surveyed burrow entrances faced away from the direction of the prevailing 
winds. 
5.2 Population Census 
The objective of undertaking a population census was to make an estimate of the 
number of birds utilising various habitat types for breeding purposes and then 
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extrapolate these results to estimate the total population of Wedge-tailed Shcarwatcr3 
breeding on West Wall ubi Island for the 1997/98 season. 
Utilising the method of Triangular Tessellation to determine the avemgc density of 
occupied burrows within the study area it was found that for the approximate 65 
hectares of breeding ground surveyed an average of approximately I 09 000 ( +/- 1500) 
burrows were utilised for breeding purposes. 
The distribution of burrows throughout the breeding ground is not unifonn although it 
is not entirely random as this would imply that their distribution is unrelated to 
features on the ground. Areas exist where the concentration of burrows is more dense 
dependent on the influence of habitat variables such as soil, vegetation and climate as 
discussed in Chapter 4. 
Across the total breeding ground of 220 hectares it was estimated that approximately 
370 000 (+/- 20 000) burrows were active during the 1997/98 breeding season on West 
Wallabi Island. Both the estimates quoted in this section show a high degree of 
variation, a common trait in large seabird colonies where breeding rates and success is 
very much determined by density independent factors as discussed in Chapter 1. 
5.3 Population Trends Over Time 
The current census results indicate a breeding success rate approximately one third of 
the previously published estimate. Approximately 370 000 (+/-20 000) pairs of birds 
successfully utilised the breeding grounds at West Wallabi Island in the 1997/98 
breeding season, compared to the 1992 estimated population of approximately 
I 117 000 pairs of birds (Fuller et al., 1994). The failure of a mass exodus of fledglings 
from the breeding ground would seem to support this data. 
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The young Wedge-tailed Shearwaters leave the breeding ground from late April to the 
end of May (Saunders & de Rcberim; Scrventy ct ul, 1971; Marchant & Higgins, 
1990). Anecdotal information from local fishermen, as well as observations made by 
myself in the early 1980's, indicate that in previous yc<1rs the exodus of birds ffom 
West Wallabi island has resulted in the evening skies becoming blackened with 'Wedge-
tailed Shearwaters. Usually this exodus involves many of the birds crashing into the 
sea, onto surrounding islands and into buildings, boats and other structures (Plate 5.0). 
Forthe 1995/96 breeding season this exodus occurred on the 3rd of May, according to 
local fishennen, Val & Wes Garraway and Michael Parker. For the 1997/98 season, 
however, there was no single night where birds in large numbers were leaving the 
island. However, on the nights of II th and 12th of May five initially and then another 
two birds were seen landing on Little Pigeon Island by resident fishermen (Mr Justin 
Perritina). On the night of 9th of May two birds were heard crashing into my own 
'shack' during the night but they could not be located. It might be assumed that these 
dates represent the time of fledging for the 1997/98 breeding season as no evidence of 
activity at the burrow sites was noted after the 9th of May (see Appendix I). 
Although diminished habitat is often the cause of reduced breeding rates or declining 
natural populations it does not appear to be a major factor at this point in time for this 
colony of birds, although a number of locations throughout the study area showed 
some evidence of habitat loss due to macro~climatic effects (for example across the 
southern dunes where marine erosion is occurring and on the eastern shell grit flats 
where soil stability appears to be reduced). It is, however, impossible to assess the 
extent of this habitat loss as there have not been any previous studies that provide 
information in this regard. 
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As far as it is known increased human visitation to West Wallabi has not l;c:en the 
cause of habitat loss, as is so often the case. Observations made while undertaking 
fieldwork support this view as very few visitors were observed at the study area; two 
groups of lOur people on two di!Tercnt occasions were observed in the southern dunes, 
and Sllffboard riders otT the south coast were observed on three occasions. There was 
also little physical evidence of human presence in the study area. 
5.4 Wedge-tailed Shearwaters and Island Eco-systems 
Recent data from Pelseart Island, approximately 50 km south of West Wallabi 
indicates that breeding numbers for the Wedge-Tailed Shearwaters there may be 
reduced to as little as 3% of records for previous years (personal communication, Dr 
Chris Surman, Murdoch University, 1998). This may indicate that the decline in 
population observed at West Wallabi is not confined to that particular colony but may 
be more widespread, and therefore the result of wider influences than could be 
assessed or monitored during the current survey. 
These influences may include the effects of the El Nino Southern Oscillation and 
Leeuwin Current on fish stocks affecting food resources for the Wedge-tailed 
Shearwaters. A number of studies (Hutchins, 1991 and Wooller, 1991) show that these 
hydrographic events have a significant effect on marine species and seabirds alike. 
5.4.1 Predators 
The White Bellied Sea Eagle, Haliaeetus /eucogasta, is the only significant 
predator of the Wedge-tailed Shearwater, particularly of the young birds after 
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hatchings. Three sea engle nests were observed withln the habitat area to the 
south-west of the salt lake, and two were located on the coast between 
Transects 3 and 4. A survey of these nests found them to be littered with the 
carcasses of birds (Plate 3.12) and while they could not all be identified as 
Wedge-tailed Shearwnters, given that the sea eagles' diet consists of up to 90% 
Wedge-tailed Shearwater (personal communication Dr Burbidge, CALM, 1998), 
it can be assumed that the bulk of carcasses were those of Wedge-tailed 
Shearwaters. The etfect of predation by sea eagles is difficult to establish as 
there is no available data with which to make comparisons. 
5.4.2 Food Resources 
Some of the fishermen from Little Pigeon Island were asked to report on any 
Wedge-tailed Shearwaters they observed feeding while undertaking their daily 
fishing activities. These sightings were episodic and sparse, making it difficult 
to develop any assumptions regarding close distance feeding distribution. All 
that_ can be concluded is that a small number of birds feed in the waters 
surrounding their breeding habitat. Details of reported sightings are presented in 
table 5 0 below . 
Date No. of birds Location 
18.03.98 10+ appx 5km North of East WaUabi 
28.03.98 10+ Between Wa!labi Group & North Island 
05.04.98 40+ appx 50km North of North Island 
10.04.98 20+ appx 5km West of West Wal!abi Island 
12.04.98 30+ appx 5km South of West Wallabi Island 
14.04.98 10+ off southern end of Little Pigeon Island 
16.04.98 100+ Sth-West of West Wallabi Close to shelf edge 
20.04.98 30+ appx 10km South of West Wallabi Island 
10.05.98 100+ appx 10km South of West Wallabi Island 
14.05.98 100+ appx 10km South of West Wallabi ls!and 
Table 5.0- Record of Wedge-tailed Shenrwn!t:rS observed bv local tishcnncn feeding in the 
. -
wnters surrounding their breeding habitat in the Wallabi Group. 
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5.4.3 Visitation to Nest Sites by Parent Birds 
Parent birds return 10 the nest site at nightfall to feed chicks. The intervals 
between these visits may be extensive, particularly if food resources are at 
some distance from the breeding ground. As the chicks approach fledging 
parent birds may also visit less frequently (Carter, Dyer & Hill, 1996 ). 
During this current survey ten burrows were selected from within the Main 
Study Area for the purpose of monitoring visitation to the nest site by parent 
birds. These burrows were selected using the Apparently Occupied Burrow 
Criteria (as outlined in section 2.3.1), and were located in an area on the Shell 
Grit Flat. Of these ten burrows four showed evidence of regular parent 
visitation, while six did not (Appendix I). 
Visitation by the parent bird was assumed to have occurred ifburrow markers, 
placed at the entrance, were dislodged. Inspection of these marked burrows 
was relatively infrequent given the access restrictions posed by the climate and 
tides. However, on most occasions two or more markers were dislodged. This 
might suggest that parent birds in this colony, and at the fledging stage of 
chick development, return to the nest site to feed their young at intervals of 
between 1 and 8 days. 
5.5 Summary and Recommendations 
The results of this research indicate that for the 1997/98 breeding season approximately 
370 000 pairs of Wedge-tailed Shearwaters utilised the breeding grounds on West 
Wallabi Island, Houtman Abrolhos group, Western Australia. While this is a significant 
decrease compared to the previous estimate of I 117 000 made in 1992 (Fuller, 
Burbidge & Owens, 1994), it is not uncommon for large sea bird populations to 
fluctuate considerably from one year to the next dependent, particularly, on food 
resources and climatic affects on breeding habitats (Bibby, Burgess & Hill, 1992). 
It is possible that the effect of a weakened Leeuwin Current, resulting from a El Nino 
Event, in some way impinged on the food resources for the sea birds of this region in 
1998. These hydrographic events have been recognised as having a significant effect on 
many marine species including seabirds (Hutchins, 1991 and Wooller, 1991) and 
evidence from other islands within the Abrolhos Group where breeding is also reduced 
would seem to support this notion. 
Consideration must also be given to the timing of both the 1992 survey and this current 
survey. The current survey was carried out from March to May, the fledging stage of 
the breeding cycle for the Wedge-tailed Shearwater, while the previouo survey was 
carried out in December during the incubation period. The implications of this timing 
may be that the breeding success rate decreases in the later stages of development 
when the young birds are active outside the burrow and therefore more susceptible to 
predators such as the White-bellied Sea Eagle. 
The habitat variables found to be most important in the location of burrows on West 
Wallabi Island were; 
• soil composition and stability - stable, coarse sand was preferred. 
• vegetation density ~ areas of dense vegetation cover provided good soil 
stability and supported dense burrow distributions. 
• wind - burrows were consistently orientated so as to avoid the head on effects 
of the strong southerly winds that prevail. 
Habitat loss due to marine erosion of the southern coast was identified in this current 
survey. The extent of this loss is impossible to quantitY as there are no existing data 
with which to make comparisons. An examination of sea level changes may be useful in 
establishing a baseline criteria from which to monitor future habitat loss from this 
cause. Macro-climatic changes resulting in rising sea levels may also have serious 
consequences in regard to habitat loss as much of the breeding ground on West Wallabi 
Island is low lying and occurs close to the high water mark. 
Future development of the Abrolhos Islands as a tourist destination may result in 
increased human visitation to breeding areas for not only the Wedge-tailed Shearwaters 
but also the many other avifauna that utilise the Abrolhos' varied ecosystems. On West 
Wallabi Island it is possible that habitat loss for the Wedge-tailed Shearwaters due to 
accidental burrow collapse may increase as human visitation to the area increases, 
particularly if there are not identified, protected areas which minimise or prohibit 
human visitation. 
Given the significance of the Abrolhos Islands for seabirds the need for ongoing 
monitoring studies is needed if a better understanding of the bird-habitat relationship is 
to be understood as a means of assessing the effects of habitat change and management 
strategies on birds. 
Recommcndntiort5 nrising from this study in regnrd to the future Janduse of West 
Wnllabi Island include: 
that future land based tourist developments in the Wallabi group need to be low 
key and carefully managed. In particular the problem of efnucnt and other refuse 
disposal must be addressed as the effect these pollutants on marine ecosystems, as 
posing a threat to human health, can be devastating and may result in habitat or 
species loss at a local level (Began et al., 1988); 
• the need to allocate specifically dedicated areas for the preservation of breeding 
habitats. Although humans and Wedge-Tailed Sheanvaters have been observed 
successfully 'sharing' an environment in close quarters with each other on Heron 
Island, Great Barrier Reef(Dyer eta] 1996), and on West Wallabi Jsland10 the 
accidental collapse of burrows can occur very easily with human traffic {Plate 5. I). 
Increased numbers of visitors associated with tourist development on a large scale 
would certainly result in habitat loss, without careful planning and active 
management. 
• Detailed habitat studies of the Abrolhos' unique ecosystems are neede:d if the 
inter-relationship that exists between seabirds and their breeding habitats is to be a 
useful measure of evolving environmental conditions. Changes in the abundance and 
distribution of a seabird population are usually due to a variety of factors, some of 
which act directly (eg disease, disaster), and others which act indirectly through the 
food chain or the habitat (eg climate, predation), therefore ongoing monitoring 
10*The flshennen and their families who inhabit the area at Pelican Point, on the north-west coast of 
West Wallabi Island, during the cray fishing season have reported that Wedge-tailed Shearwatcrs 
frequently burrow under and around their 'shacks' and frequently crash into television antenna's at night 
(Anecdotal infonnation from Mrs K. Robson) 
'I'T 
studies of seabird populations are also necessary so changes in abundance and 
distribution over time can be understood in relation to environmental change. 
Plate 5.0 - Many of the fledgling birds crash land on nearby islands and boats on the night of their 
exodus from the breeding ground. They become stunned and easily handled by humans. 
•'. 
Plate 5.1 - Accidental burrow collapse caused by walking across breeding habitat. In places where 
burrow density is very high the ground becomes very unstable and collapses easily. During field work 
accidental collapse of burrows was avoided by utilising existing Tam mar Wallaby tracks, where 
possible, to move around the study area. 
I 
APPENDIX I 
SCHEDULE OF VISITS TO THE STUDY AREA 
oo 
DATE ACTIVITY TRANSECT# OBSERVA liON (BRIEF SUMMARY) 
18.03.98 determine accessibility; establish burrow criteria; 
set burrow markers 
30.03.98 check burrow markers; density survey; landform 2 burrow markers disturbed, one inside burrow entrance 
and soil profiles 
31.03.98 check burrow markers; density survey; landform 3 only one marker disturbed outside entrance 
and soil profiles 
08.04.98 check burrow markers; density survey; landform 4 one marker missing, others disturbed 
and soil profiles 
14.04.98 check burrow markers; density survey; landform 1 three markers disturbed 
and soil profiles 
18.04.98 general survey shell grit flats: vegetation ID and 1 & 2 two markers disturbed; vegetation poor condition; 
profiles; check burrow markers; burrow excavations 2 transect one exhibits foredune plant communities 
19.04.98 general survey shell grit flats; vegetation ID and 3 & 4 vegetation inhospitable & in poor condition; Nitraria 
profiles; check burrow markers; observe invasive; one marker found outside burrow; eagles nest 
sea eagles and their nests thick with Wedgetail skeletons 
25.04.98 density survey and general observations for North 9 & 10 evidence of dune blow out; taller plant communities and 
West dune area (transects 9 & 1 0) more diverse species range; Tammar Wallabies present 
05.05.98 check burrow markers; density survey; landform 5&6 burrow markers disturbed, two outside burrows 
and soil profiles; burrow excavations 
06.05.98 check burrow markers; density survey; landform 7 & 8 vegetaion regrowth evident after rain, especially 
and soil profiles Ice Plant: one burrow marker found outside burrow 
16.05.98 general survey consolidated dunes; vegetation 10 5 & 6 markers not disturbed 
and profiles; check burrow markers 
18.05.98 general survey Scrublands; vegetation ID and 7 & 8 markers not disturbed 
profiles; check burrow markers 
19.05.98 general survey main study area; check burrow markers not disturbed 
markers; vegetation and soil profiles check 
23.05.98 general survey main study area; remove burrow markers not disturbed 
markers and transect location pegs 
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APPENDIX 2 
POPULATION CENSUS DATA 
NOTES 
Dimensions 
Point Data 
Cumulative Mean 
Pop. Estimate 
(Study Area) 
Pop. Estimate 
(Island) 
Pattern Index 
the triangle measurements taken at each sample point, taken at 
I 0 m intervals for each transect 
the burrow denisty average for specific points along the transect 
the cumulative average of point data per hectare 
the cumulative total for study area only (65 ha) 
the cumulative total for total breeding habitat (220 ha) 
0.0 =Clustered 
0. 75 =Random 
1.0 =Uniform 
I C?_ 
Transect • Sample II Dimensions Point Data Cumulative Mean Population Estimate Population Estimate Pattern 
p/ha p/ha for study area (65 ha) for Island (220 ha) Index 
1 1 3.6 X 4.7 X 3.6 780 780 50 710 171 637 1 
2 2.3 X 3.4 X 3.5 1338 1059 68 838 232 992 0.93 
3 6.2 X 6.9 X4.8 346 821 53 378 180 666 0.74 
4 1.9 X 5.1 X 4.7 1120 896 58 233 197 099 0.77 
5 3.1 X 4.9 X 5.0 687 854 55 512 187 887 0.81 
6 4.5 X 7.0 X 5.2 428 783 50 892 172 252 0.8 
7 4.8 X 5.0 X 5.6 412 730 47 445 160 585 0.8 
8 6.0 X 4.5 X 4.8 470 697 45 331 153 429 0.81 
2 9 3.4 X 1.8 X 2.8 1986 841 54 640 184 937 0.73 
10 1.4 X 2.3 X 2.6 3115 1068 69 421 234 964 0.62 
11 2.5 X 2.9 X 1.4 2858 1231 80 000 270 770 0.58 
12 2.1 X 2.5 X 1.8 2692 1353 87 915 297 559 0.56 
13 3.1 X 3.2 X 3.7 1060 1330 86 454 292 615 0.59 
14 3.4 X 2.9 X 3.5 1102 1314 85 396 289 032 0.61 
15 3.6 X 2.9 X 3.1 1159 1303 84 725 286 764 0.62 
1 6 3.8 X 3.2 X 3.0 1076 1289 83 BOO 283 633 0.64 
17 4.6 X 4.3 X 5.4 524 1244 80 876 273 734 0.64 
3 18 3.7 X 3.1 X 2.3 14.8 1253 81 465 275 730 0.65 
19 2.4 X 2.8 X 3.0 1584 1271 82 596 279 556 0.66 
20 2.9 X 1.2 X 2.2 4140 1414 91 920 311 114 0.62 
21 2.2 X 1.8 X 3.1 2574 1469 95 509 323 261 0.62 
22 1.9 X 2.4 X 2.9 2205 1503 97 683 330 620 0.63 
23 3.2 X 3.6 X 4.0 914 1477 96 018 324 985 0.63 
24 3.9 X 4.1 X 5.1 637 1442 93 742 317 071 0.63 
25 1.9 X 4.1 X 4.8 1302 1437 93 378 316 049 0.64 
26 1.6 X 5.5 X 5.2 1203 1428 92 793 314 071 0.65 
Transect # Sample# Dimensions Point Data Cumulative Mean Population Estimate Population Estimate Pattern 
p/ha p/ha for study area (65 ha) for Island (220 ha) Index 
4 27 2.0 X 4.7 X 4.5 1119 1416 92 051 311 557 0.66 
28 4.1 X 5.5 X 5.0 SOB 1384 89 943 304 425 0.66 
29 4.6 X 3.6 X 2.9 958 1369 88 989 301 194 0.66 
30 4.8 X 4.2 X 2.0 1 195 1363 88 611 297 034 0.67 
31 4.1 X 3.9 X 3.6 779 1344 87 385 292 979 0.68 
5 32 2.3 X 1.6 X 1.1 6299 1499 97 450 327 132 0.63 
33 3.4 X 2.5 X 3.7 1213 1491 96 886 325 303 0.63 
34 3.0 X 2.4 X 3.2 1463 1490 96 832 325 200 0.64 
35 3.6 X 3.1 X 2.9 1 159 1480 96 218 323 195 0.65 
36 1.6 X 5.5 X 5.2 1203 1473 95 717 321 567 0.65 
6 37 1.3 X 1.4 X 1.1 7404 1633 106 138 356 902 0.6 
38 3.2 X 1.8 X 2.4 2339 1651 107 346 361 051 0.61 
39 2.3 X 1.8 X 2.5 2513 1674 108 781 365 967 0.61 
40 2.1 X 1.0 X 1.9 5270 1763 114 626 385 805 0.59 
41 3.2 X 2.3 X 1.9 2316 1777 115 501 388 821 0.59 
42 2.4 X 2.6 X 1.6 2660 1798 116 867 393 495 0.59 
43 3.1 X 2.4 X 2.0 2084 1805 117 299 395 003 0.6 
7 44 2.5 X 4.3 X 3.3 1216 1791 116 430 392 107 0.61 
45 3.4 X 2.8 X 3.0 1254 1779 115 654 389 524 0.61 
46 3.3 X 3.1 X 2.9 1212 1767 114 852 386 851 0.62 
47 3.8 X 3.6 X 3.0 988 1750 113 774 383 243 0.62 
48 4.1 X 5.2 X 4.8 537 1725 112 131 377 722 0.62 
I 
Transect i Sample# Dimensions Point Data Cumulative Mean Population Estimate Population Estimate Pattern 
p/ha p/ha for study area (65 ha) for Island (220 ha) Index 
8 49 1.7 X 2.4 X 1.5 3951 1771 115 084 387 751 0.61 
50 1.3 X 1.6 X 2.1 4811 1831 119 036 401 166 0.6 
51 3.2 X 3.0 X 3.3 1157 1818 118 177 398 289 0.6 
52 3.1 X 2.9 X 2.8 1349 1809 117 591 396 339 0.61 
53 3.4 X 3.0 X 3.1 1162 1797 116 797 393 684 0.61 
54 3.8 X 4.1 X 4.5 686 1776 115 460 389 188 0.61 
55 4.6 X 4.5 X 3.6 665 1756 114 146 384 772 0.61 
56 5.6 X 6.8 X 5.8 322 1730 112 481 379 164 0.6 
57 5.0 X 4.8 X 3.1 695 1712 111 301 375 196 0.6 
58 4.8 X 5.1 X 4.7 489 1691 109 930 370 583 0.6 
9 59 2.2 X 6.0 X 5.6 812 N/A N/A N/A N/A 
60 4.5 X 4.3 X 3.6 693 N/A N/A N/A N/A 
61 3.0 X 4.3 X 3.5 961 N/A N/A N/A N/A 
62 2.5 X 3.6 X 4.1 1121 N/A N/A N/A N/A 
63 3.9 X 3.1 X 3.0 1094 N/A N/A N/A N/A 
10 64 3.5 X 4.2 X 4.6 712 N/A N/A N/A N/A 
65 4.5 X 2.4 X 3.0 1502 N/A N/A N/A N/A 
66 3.6 X 4.2 X 4.8 683 N/A N/A N/A N/A 
67 3.6 X 2.8 X 3.2 1165 N/A N/A N/A N/A 
. 
68 3.0 X 4.5 X 5.0 750 N/A N/A N/A N/A 
.. 
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